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This manual is written for the manager or supervisor 
responsible for instituting an/energy management program for 
.municipal buildings. An introduction discusses the management issues 
facing municipal government in dealing with the need to reduce energy 
consumption. The guide reviews methods for central coordination of 
activity to ensure that resources are wisely applied, that results 
are communicated, and that follow-up on findings takes place. It 
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organi2;ing and evaluating a building audit, and the management 
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measures to determine the- combination mostr^l-ikely to be effective for 
a- pa^rticular building. It discusses the human factors involved in 
changing wasteful practices of building users. A technical appendix 
provides detailed technical information and formulated work sheets 
for carrying out techniques presented in the text. (RE) 
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AN OVERVIEW 

FOR THE 

CHIEF EXECUTIVE 

« 

MANAGING THE "ENERGY- CRISIS" IN MUNICIPAL GOVERNMENT 

As the "energy crisis" unfolded, municipal government in Massachusetts 
experienced shortages in supplies following the oil embargo in late 
1973, the quadrupling of fuel prices that occurred in 1974, and a 
persistent ]but less rapid rise in fuel prices since that time. While 
these events are beyond the control of local government, and their 
impact on the cost of local government services is severe, government 
cannot choose to forego providing critical services. Often,, a 
generalized feeling of helplessness has led to acceptance of steadily 
rising energy costs as a fact of life that must be absorbed iti the 
municipal budget either at the expense of other services or by raising 
additional revenue. - 

This need not be the case. Although the price of energy is largely 
beyond .the direc - control of municipal, government, the apiount it uses 
is not. In most cities and towns energy use in buildings comprises 
70% to. 80t of the total energy used in all municipal services, 
inclii'ding fueling vehicles and lighting streets. Because energy was 
cheap when *the existing physical plant was_ developed, most buildings/^ 
"'use much more than is required to perform their functions. Substan- 
tial savings can be made ^thout reducing the level of services 
offered in these faciTities or i^mposing hardships on their^users and 
occTj^ar^ts-. It is theoretically possible to reduce enerc; use in new 
building^'.fey 90% of the prevailing norm in existing buildings. The 
Energy Conservatioji Project (ECP) has determined that it is eminently 
practical to cut 'Energy use by 30% in many existing municipal 
biiildings. Achieving this result requires that energy use be 
managed and controlled to eliminate the margin of waste and ineffi- 
ciency that exists. ■ r 

As a chief executive considers whether to organize a program to save 
energy in>, municipal buildings, the real nature of the energy crisis 
should be kept in mind. . The fundamental cause is the depletion of 
domestic petroleum and natural gas supplies^^'STat must be replaced at 
significantly higher prices. Rising energy prices will be a fact of 
life over the next quarter century. If energy costs rise by £ui 
annual rate of S%, within twelve years the price of fuel will double. / 
Similarly, the energy "saved" each year will, increase in value by 6%. 
Many municipalities that manage their cash reserves would be pleased 
with a 6% return on these assets. .ENERGY MANAGEMENT IN MUNICIPAL 
BUILDINGS will yield a similar return. It is a program that many 
cities and towns cannot afford to ignore. ^ 



.WHAT CAN BE DONE 

The Energy Conservation Project worked directly with -six Massachusetts 
cities and towns to evaluate theTpotential tasave energy by reducing 
consumption in L12 municipal buildings. The. results indicated that an 
effective and sustained program to conserve enercry would realize an 
annual dollar savings in these facilities of $500^000. At least one- 
half of these savings could be^ attained at no additional cost. If 
these savings, which recur each year, were deposited at 6% interest in 
^-L^avings account, at, the end of a twenty year period there would be 
an accumulation of $18,000,000. 

The objective of the ECP manual on ENERGY MANAGEMBW IN MUNICIPAL 
BUILDINGS is to convey to town managers, selectmen, school officials, 
arid department heads proven approaches to energy conservation in 
building€^ :hat will yield a signi*ficant reduction in annual operating 
costs for building energy. 

The key elements -of this program are briefly described in this 
overview and presented in detail in specific sections of the ENERGY 
MANAGEJMENT IN MUNICIPAL BUILDINGS manual. These, sections are written 
to enable local decision makers and operating personnel who do not 
have extensive technical training to organize, implement, and sustain 
an energy savings program in municipal buildings, ^e emphasis this 
program places on the concept of "energy management" rests on the 
principle that a large portion of building' fenergy costs are in fact 
"controllable.'' An effective , program addressing the causes of waste 
and in^ficiency in current building management practices will pay 
for itself many times over in savings of local tax dollars. The 
ENERGY MANAGEMENT IN MUNICIPAL BUILDINGS program introduces the tools 
that are the foundation blocks of a successful program. Hie program 
is based on three siiiple yet powerful management techniques t 
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T^e Energy Budget 

The en'ergy budget is the method for highlighting those buildings m 
each city and town where a 30% annuaT^energy savings can be^ achieved. 
It is a cost accounting technique that employs performance standards 
for building energy use to assess the relative efficiency of the 
entire' stock of municipal buildings. 

/ 



Ihis budgeting technique evaluates building efficiency in terms of 
total units of energy used per square foot per year. It can be 
easily translated into dollars to enable a manager to make decisions 
on program implementation that will yield the greatest dollar return. 
As energy savings programs in particular buildings are implemented, 
the Energy Budget remains a useful tool for measuring results. It 
filters out the effects of fuel price cheinges and year-to-year "climate 
changes to permit an accurate assessment of how much real progress has 
been made in each building in a given year and, the margin remaining 
'for potential improvement. It provides a manager with feedback on 
impiemeotation so that successful efforts can be recognized and 
shortcomings in performance remedied. The energy budgeting technique 
does not require sophisticated computer hardware^ It can be developed 
for 'a building by a clerk with a calculator who has access to the 
accounting records for vendor payments to fuel suppliers. The Energy 
Budget is a technique that every manager can use to pick the targets 
for an energy savings program that will yield thie best payoff* 



The Bxiilding- Audit . . • ■ ' - 

There, are probably a thousand distinct conservation measures that will 
save some energy in any given buildingi Many local programs have 
floundered from an inability to select program measures that yield the 
best savings -opportxinities- ENERGY MANAGEMENT IN MUNICIPAL BUILDINGS ^ 
specifies procedures that were tested in schools, town halls, fire 
stations, police stations, etc. and found to work. It reduces the 
multitude of possibilities to a list of twenty measures described in 
terms that a laymem can understand. 

Hiese measures are presented in the form^pf building audit procedure's 
that can be used to identify the sources of waste and inefficiency in 
the particular buildings that have been selected as high priority 
targets on the basis of the energy budget analysis. The building 
audit is a physical survey leading to the establishment of an energy 
savings program for each building tailored to fit the sayings 
opportunities that have been uncovered. Experience in ji^irig this 
approach has shoym that usually one-half of the dollar'^and energy 
savings can be achieved with implementapion of audit recommendations 
involving little or no cost to the tm^icipality. , 

The Energy Conservation Manager .- 

Management is organizing resources and directing people toward a goal^^ 
The chief executive of a town government or a^ school system must fociiS 
the responsibility for coordinating and accomplishing the tasks of an 
energy management^ program. The options for organizing this management 
faction can vary widely, from town to town depending xspon the local mix 
of talent and resources as well as the amount of expected dollar 
savings in a given community. The program can be managed by a | 
committee of relevant department heads and technical personnel, by an / 
individual who may alrecidy'^have substantial responsibilities in ^ 

< 
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building management or by an individual hired specifically for this 
purpose • f * 

ENERGY MANAGEMENT IN MUNICIPAL BUILDINGS iden tif ies ^what responsibili- 
ties need to be specified and assigned. It-review^^ methods for 
central coordination of activity to help en§ure that resources are 
wisely applied, that results learned about what Works best are 
communicated, and that monitojing and follow- through do not "fall 
between the cracks." It defines the technical tasks of information 
collection and analysis in constructing the energy budget, of 
organizing and evaluating* a building audit, and of selecting the 
alternative conservationxneasures most likely to be effective in a 
given building. No less importantly, it identifies the "people 
problems" that may be .critical in a program seeking to change tSie 
ingrained but wasteful habits of building users and occupants. 

By addressing these management issues, the manual provides the chief 
executive with the information needed to anticipate and deal 
effectively with the human as well as the technical problems that 
may be barriers to effective management of municipal energy costs. 

Six Massachusetts cities and towns participated in developing the 
ENERGY MANAGEMENT IN^ MUNICIPAL BUILDINGS pfogtam. It is a program 
that is specif ideally designed to work in the setting of local 
government. ^ > 



A NOTE ON WHAT FOLLOWS 



The three sections of this, ^port immediately following are entitled ^. 
-Hie Energy Budget," "Ih/ Building Audit," and "The Energy Conserva- 
tion Manager." These are written to provide the manager or the 
individual with supervisory responsibility for instituting an energy ' 
management, program with sufficient information to make effective use 
of the three principal management tools of the program discussed in 
this overview. Following these sections is a technical appendix 
valuable to operating personnel involved in program implementation. 

In the Technical Appendix, a section on the energy budget discusses 
some of the finer technical points in converting annual energy 
consumption^ into a budget. It includes formulated work sheets that 
enable an individual to carry out these operations . easily . ^ 

The appendix presents the key energy conservation measures found to 
be most effective in municipal bilildings. The principles underlying 
the effectiveness of these , measures are presented in easily understood 
terms • . Rules of. thumb for estimating ^he savings that can be achieved 
with iihplemontation of a given measure are discussed. For some 
ineasurea> that entail capital investroentT^actual cost/benefit studies 
are included. These studies were made by the firm of R. G. Vanderweil 
Engineers, Inc., for the municipalities participating in the Energy 
Conservation Project study. 
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TABLE 1 

A20nJAL BUILDING ENERCY COSTS IK THE EQP DEMONSTRATIOH MUNICIPALITISS^ 
City or Town7auir.ct.rl.Clc. M.Jor Building. Annujl^Cost 



FALL RIVER ' ■ 

PopuiAtloo iOU.UUU 
Annual Budget $45,000,000. 


34 Old Schools 
5 Hew Schools • 
'6 Tire Stations 
3 Tom Offices 
2 Libraries 
i Police Station 
1 Garage 


$ 
$ 
$ 
$ 
$ 
$ 
$ 


535.000. 
362,000. 

42.000.^ 
120.000.^ 

20,000. 

16.000. 
7,000* 




Total 


$1,102,000.^ 


ATTLEBORO 
•f 

- Popdlatlon 33.000 

Aw'rtuf.'' ^-'dttet S20.400.000. 


7 Hew Schools 

8 Old Schools 
3 Garages 

2 Libraries 

6 ?lre Stations 

3 Tom Offices 

1 Police Station 


$ 

$ 

$ 

$. 

$ 

$ 


440.000. 
125.000. 

24,000. 

20.000. 

18.000. 

15.000. 
7,000. 




Total ^ 


$ 


649.000. 


CONCORD . 

Annual Budget $12,130,000. 


7 New Schools 
2 Libraries 
2 Fire Statlqns 
1 Garage 

1 Tom-Office 


$ 

■ $. 
$ 


300,000. 
20.000. 
10.000. 
7.000. 
5.000. 




local 


$ 


-342,000. 


TYNGSBOROUGH 
Population 

Annual Budget $ 2.510. OOO. 


2 Nc- Schools* 

; ::^d School 

1 Garage 

1 Tom Office 

1 Library ^ 

: Fire Stations 


$ 
$ 
$ 
$ 
$ 
$ 


43,000. 
6,000. 
5,000.* 
4,000. 
4,000.* 
1,000. 


<^ 


Total 


$ 


63,000. 


PEPPERELL 

Population 5.887 

Annual Budge > $ 2.750.00C. 


i Old Schools 
1 5«w School 
1 Tom Hall' 
1 Library 
ITire Station 


S 
$ 
$ 
$ 
$ 


25,000. 

5,000. 

4,000. 

4,000. 
^ 2,000. 




Total 


$ 


• 42,000. 


DUKSTABI-E 

Population 1,292 

Annual Budget $ 1,450.000. 


1 Old School 
1 Kev School 
1 Garage 
1 Tom Ball 
1 Fire Station 


$ 
$ 
$ 
$ 
$ 


5,000. 
4,000.^ 
^,000. 
2,000. 
200. 




Total 


$ 


16,000. 
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THE DOLLAR COST OF BUILDING ENERGY 

Dollars are spent for energy in the form of a varied mix of fuel 
ST^^plieS' to heat, light, and power a diverse groijp of mmicipal 
facilities- Compiling the total annual costs ^by building and by 
department for all energy used from all sourcesr-whether gas,, oil, or 
electricity — provides a municipality with a useful insist into the 
structure of its building energy costs. 

Table I on the opposite page presents this information for the^six 
municipalities that participated in the ECP study of energy conserva- 
tion in municipal buildings, summarizing their building in^ntory and. 
energy cost by department- The Table indicates thait building energy 
costs as a perceirtage of the total mmicipal budget^ange from 1^% to 
3% in most municipalities. This percentage range provides a manager 
who is considering an energy savings program in municipal buildings 
with a rough approximation of the range of base costs on which a 30% 
annual energy savings potential can be calculated* - / . 

If the departmental building energy costs in a given locality were 
classified between general purpose government and tKe schc^bl system. 
On the average the school portion of building energy costs would 
represent 70% of the total. This emphasizes the importance of school* 
system involvement in a municipality's energy savings program in order 
to realize the full potential of the program- 
In fact, it is quite possible that a leurge portion of the absolute 
dollar .savings can be found by improving performance of one large, 
mechanically complex school building. One high school in the ECl* 
study had a^uarter million dollar energy budget with an estimated 
savings potential of 30% • ^ 

The absolute dollar cost of building energy will increase with the 
size of a community, with a corresponding increase in the potential 
annual dollar savings. Larger cities cind towns have greater flexibi- 
lity to consider changes in the organization of their building managg:;;^ 
ment function, including the addition of specially skilled personnel, 
in order to tap their full annual savings potential. 

A municipality beginning an energy savings progreim may encounter some ^ 
difficulty in retrieving and presenting energy cost data for specific 
buildings within a department. As part of a long-term energy manage- 
ment program, a municipality should consiTlSr modifying its budgeting 
and accounting procedures where necessary to build am information 



system thKt\ will support mana^emei^t -action to reduce energy costs in 
buildings'-i:. Figure 1. illustrates the organization of a building' 
management/.information .system; of system would ultimately 

enable a raimicipality to identify total building epergy co^t as aUine 
iteiji in its municipal budget with back-up accounts on a. departmental' 
ana building basis ^ including data, on the cost and units of fuel 
•consmed daring a fisjcal year . Th^ requisite information 'elements . of 
such a system and f oifmat- possibilities for JJii's data are described^n 
■greater detail in/the appendix. ^ / ""^^^ /v-, ' 



THE ENERGY BUDGET * ; ' . =^ V " 

V ... / J : . ' ■ : . 

Although the. doflar budget provid^^ xaseful. insight into "Sie overall ; 
structure of municipal bxiiiding enisrgy costs, i.t^will nat indicate. — 
which particular buildings represent the best opportunities for 
, cutting energy costs. A comparison of efficiency between two. 
'buildings based solely on the dollar cost' of energy consumption is 
subject to serious inaccuracies. The reasons for this are treated 
thorqu^^hly in the appendix. A comjparison on the basis of the -total 
energy* used during the same year to heat, light, and power two 
facilities that have similar uses is a meaningful approach to , 
evaluating relative efficiency. The concept of energy budgeting 
that will be developed here involves a .comparison' of actual energy 
lase in each municipal building with a standard of energy consumption 
'for that type of facility. This standard represents what the average 
building of that type ought to use if it is equipped and operated , 
efficiently. The energy budget provides a manager with a tool for 
knowing whether the units of energy 'used by a" given facility are well 
spent,- much' as miles per gallon provides a car owner with a standard 
of efficiency in terms of fuel consumption. .-^ , • 
Constructing an energy budget for a building involves the following 
steps: - ^ 

1. Obtain accounting records' on annual fuel consumption of all 
energy sources (including electricity, gas, oil) in a specific 
building and convert these quantities to. a common denominator 
of energy units that can then be added together. 

2. DivideCthis total of building energy used by the -square footage 
of^e facility. This yields a mecisure o£ energy units 
consumed per square foot per year. 

The figure obtained by the above procedure is ^in fact a performance 
indicator that permits the comparison of the relative efficiency -of 
two facilities. The procedure for developing this indicator, includ-. 
ing worksheets and conversion factors, is presented in the technical 
appendix in a simple, easy-to-use form that can be followed by anyone 
with adequate* accounting records and a calculator. 
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T^^gnit of energy used tp construct this performance ^standard is tfie^ 
British Thermal Unit (BTU)\ " ' . . • 

A BTU (British Thermal Unit) is a bommon -unit fox ine'Ssuring-the heat 
content of different energy sources such as electricity or oil. It is 
used' throughout this discussion to present different fuels in terms of 
equivalent heat contentr^Technically .a BTU .is tfie^araount of energy 
needed to raise' the temperature of one^pc)und^of *^^er one degree 
Fahrenheit. In more meaningful tdrms, it/ taJces f oiyer 100 million BTUVs 
to beat the typical house during a 'winter, and over/7 billion BTU's to 
power* a 40,000 square foot school for a year. y:,SiTice a BTU is such^ a 
small -unit of measure, the sta^ndards and conversion"" values ^ used in 
th-is report are expressed in units of 1,000 _BTU's, abbreviated' -as' 
MBTU's (1000 BTU's = 1 MBTU)% , . ^ 

There is a standjard MBTU content for each type ^ of fuel: When quanti- 
ties of "dif fere'iit energy sources are converted to their equivalent 
MBTU values, they can be added together \to obtain thei vaiLue o^ total 
cinnual building energy. By computing MBTUs per square .f opt per year, 
cin index is obtained that permits comparison of different size facili- 
ties having similar uses." .In the EjCP Study of'ai2 mimi<d.pal facili- 
ties, this index correlated very well with the dp llax ^per^ square foot 
cost of energy.- The use of this index highlights,^ those buildings 
where the potehtial dollar and energy savings are greatest.,. , , 



THE AEI , - • . * ' 

This standard of MBTU's per square foot per year .is referred ;to as the 
^^Annual Efficiency Index (AEI) of a building. The AEI^^is the basic ' 
' tool in energy budgeting that enables a manager to 'determine ^«^ether 
or not some of the dol^lars allocated for bxiilding energy \ar^ being 
wasted. • . - 

The value of the ^AEI as a measure of performance is dependent on the 
abilityftfb compare it to a standard of efficiency. An efficiency 
standard in this sense means that ideally a building of this type 
should use a certain amoxont of energy per square foot per year if it 
is equipped and operated at high standards of energy conservation. 
The ECP study has " developed these standards for particular types of 
municipal buildings. They are presented in Table 2, expressed a&' 
MBTU's per square foot per yecir for specific types of municipal 
buildings. 

Why aure different standards xised for different building types? ; . 
Building usage is a major determinant of energy consun^Jtion. . ComfJ^re.' 
how the use patterns of schools and fire stations inf licence dif fereri- >: 
tial energy demands. Buil'dings have different heating, and lighting; 
loads when occupied than when empty. Schools are generally occupied 
from early 'morning to late afternoon and may be vacant entirely over 
three summer months . Fire stations are usiaaily occupied 24 hours a 
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■ TABLE "2^ 



STANDARD ( AEI) VALUES FOR 
MASSACHUSETl^ 

^ ' RASE AEI 
• STANDARD* 
BUILDING TYPE - (HBTU'S /SQ.FT.) 



SCHOOLS BUILT BEF.ORB 1945 


105 


.SCHOOLS BUILT AFTER 1945 


120 


fIRE STATIONS 


135 


TOWN HALLS (offices) 


115 


LIBRARIES . 


110 


POLICE STATIONS 


105 


DPW GARAGES 


105 



r 



• BASE STANDARDS ARE BASED UPON AN ANNUAL; . 
HEATING SEASON OF 5621 DEGREE DAYS V 
(boston's 30 YEAR normal) 



day year round emd suf-fer major heat losses in win ttr- when doors are 
opened for exit and entry of fir6 trucks. The AEI standards for fire 
stations arc higher thcLn fpr schools. This does, not mean they are ' ^ 
less efficient. Comparing the AEIls of schools and fire st£i-ions is 
iike comparing apples and oranges. "One can only make comparisons of- 
efficiency between facilities that have similar uses. 

There is another basic type of difference recognized in Table '2 which 
presents ' different AEI's for old schools (pre 1945) and new schools* 
(post 1945}. This can be mderstood by considering that thei/.'struc- 
tural and mechanical differences between a single family house and a 
High rise apartment building imply diff-erent energy demands; 
Similarly for , schools, new schools are heated and ventilateci by a- 
sophisticated systerm of air heating, mixing, and circiilating that is 
mechanically powered, whereas old schools have double-hung windows 
and radiators. New schools also tend -to have more glass airea sijbject 
to heat los'5 and ancillary* educational facilities suet), as / labs and . 
JcitchenS' that • use , additional power. T3ie^ different energy/ loads for 
these two types of buildings require distinct AEI standards reflecting 
these "^ruc tural and mechanical differences. 



HOW TO USE THE AEI / - " /• . ^ . 

Ihe standard AEI for a building type can be^ coucpeLzed with the actual 
AEI of a building to estimate the potential energy ' sayings ip that 
facility.^ By expressing the difference between standard and actual 
as^^a ^percentage of actual and multiplying the t9tal annual bxiilding. ' 
energy cost by* this percentage, an approximate estiinate of the total 
dollcir savings can be obtained. (Worksheets for this calculation are 
provided in the appendix.) - ^ 

'This total savings estimate represents savings that can be achieved in 
three ways : 

1.. Savings that have little oi: no cost and which can be realized 
with minimum effort and technical skills/on the part of -the 
individuals using and operating the buil^ding; * \' 

2. Savings that have' little or no cost,* which can be achieved 

tiarough a vigilant conservation effort/ and a higher le^^l of - 
technical skills; and f 



3. Savings which can be achieved through capital investment in 
modifying building hardware to improve efficiency and vrtiich- ^ 
will be sufficient to at least recover the cost of that capital 
<7 investment during the lifetime of the building. 

The' Base AEI S*fea?Ttdards and the classification of savings are based 
upon the work of R. G. Vande'rweil Engirieeris, Inc., which conducted 
building 'audits and cost-benefit studies/ in sixty of the 112 mujiicipai 
facilities evaluated in the ECP study. /A more detailed discussion of 



•the derivation of the AEI Standards is contained in the appendixi 

The StSandard AEI should be imderstood as a- goal that can be attained, 
given a commitment of time, effort, and'" money . It may not be 
achieved in the first year of a conservation program, but within two 
years most of the; distance should be covered. E^h yeax/s progress 
can be measures by calculating the actual^ AEI and comparing it to the 
local climate-corrected standard AEI for that. year • Ibe savings' 
es*timate calculated may indicate it 'is not productive to -get every 
•building of a given type Jfight on the standard, but it will pay to 
get this buildings with highest operating expenses as close as 
possible. " ' . ' 

The manager will want to evaluate the potential annual"' savings 
estimate calculated from the difference between actual and standard 
AEI in both percent and'absolute dollar terms. The percent estimate 
represents the margin of savings potentially * available in a given 
building. Ihe absolute dollar savings corresponds with the actual 
dollar size of a building's energy budget. . A low percent estimate in 
a building with a large dollar budget may yield an annxial dollar 
savings estimate that is roughly equivalent to a building with a high 
percent savings estimate but a relatively smaller dollar energy 
budget. * 

In using the savings estimates as a guideline for selecting the most 
opportune targets for a conservation program, managers will tend to 
select buildings that promise the greatest -financial return- Where 
this means selecting a building with a relatively low percent savings 
estimate," a greater level of effort may be required, but this can be 
justified by higher expected dollar return. . 

In lis ing these savings estimates to select the targets of the energy 
savings program, managiers should first ascertain whether, the variance 
"between actual ar^d standard Mil's can be partially e^^lained by an 
unusual pattern of building use, or the presence of special' equipment 
or facilities in the subject building that differs from the "normal" 
building of that type. For example, a high actual AEI in a school 
building might pot indicate great inefficiencies if the buildiag is 
air conditioned during the summer for school sessions. 

Some rules of-^ thumb for inter^eting the AEI-based savings estimates 
as a. guide f(^ selecting the. targets of an energy 'savings program are 
conveyed in Table 3- ^ . — ^ 



FOLLOW-UP ON THE^AEI . , \- 

* ■ \ 

- ■ 

It will be usefi^l to make the AEI calculation each year after the 
energy savings program is initially iirplemented, since rising energy 
prices may obscure any energy savings actually accomplished. . 
variance should narrow each year as inplementation 6f energy saving 
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TABLE -3 . / 

^ RULES OF THUMB. FOR MTI INTERPRETATION 



Possible Annual' 
Savings Estimates 

The percentage differ- 
ence between the 
Actual- AEI and the 
climate- corrected 
Standard XeI is : . 

30% + 



10% to 30% 



0% to 10% 



less than 0% 



Poss ible Actions Indicated 



Building represents best target for an energy 
savings progreun. Be sure varicSice does not 
re'flect differences in use from "normal" 
bxailding^f ' this type. 

Buildiiag'^ represents a good target for an 
energy savings program. The closer the esti- 
mate is to 10%, the more likely that capital 
inves'tment measures will be needed to reduce 
energy use Xjo the standard level. 

Building may be operating efficiently. Are 
there better targets available. Does' the 
size of the dollar energy budget in this 
building justify its selection cis a target 
even though percent estimate is low? 

Check to determine whether there was an error 
in calculations. * i;^"building lased less than 
the normal building of this type? 



ERLC 
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measures reduces cons uii?>t ion. Whether this hapQ^ns is an- indication 
of effectiveness in following through with inplementation of the 
conservation measxjres. that involve changes in operating procedures and 
modification of the building. In^is context, the AEI is a continu- • 
ing.tool for monitoring building performance that will indicate short- 
comings requiring reroedicil attention. 

Assuming that the first -year, effort in an energy savings program is 
primeirily devotVd to implementation of no-cost measxires, the AEI 
.calculation in program year two will indicate which buildings may 
yield the greatest retxim from, investment in cost effective measures^ 

By using the AEI as a me^hodyJsoth of selecting the best targets for a 
conservation effort and of establishing energy and dollar savings - 
goals, the manager has taken, the essential first step 'in implementing 
an effective energy savings prograim. 

Ohe next phase of the effort is establishing an action program that 
"begins to produce the expected payoff. 



- ' 3 
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BUILDING 

AUDIT ■■>^^ 

The Energy Budget provides a tool for selecting, as targets for $i 
energy savings program, buildings that represent the best opportunities 
fo^^ielding do 1 lair savings. .The next phase of the program requires 
a more finely tunjed method to prescribe specific Conservation measiares 
which should' be iir^jlemented,^ in these buildings to achieve this result. 
Uiis Is the f>urpose of the Building Audit, 

The principal concerns for% Jiianager in this phase of an ^energy 

conservation program are: ' 

1. Determining which actions are appropriate to specific 
buildings ; and 

2. Ensuring that an objective assessment of the savings 
potential of each possible action in each building is fully 
cons i de r e d . 

A Building Audit is a "walk- through" of a building by someone trained 
to identify conservation' opport\mities. The most inportant output 
of an audit is a set of specific recommendations citing the no-cost 
measures that ought to be implemented in each facility and the 
capital investment items that should be considered. The audit 
produces recommendations for 'an "action" program -for each buljlding, 
based upon physical inspection of. operating conditions during^the 
"walk- through . " 

The recommendations of an audit should include the following: 

1. A listing of the energy conservation measures which are 
applicable in eaci building in the form of a completed 
checklist. This list shoxild identify both measures with / 
no implementation cost and those that require capital 
investment;.' 

'2. An estimate of the energy savings to be e^^ected from 

implementation of the recommended measures. At a minimum, the 
estima1:e should separately identify the savings expected from 
implementation of "no-cost" measxires versus savings from 
measures that will require some investment; 

3. For the measures recommended in the checklist r priorities 
should be assigned to indicate which measures have particularly 
high energy saving potential; and 

4. Finally^ the report should note any measures of importance - 
which don't appear on the checklist. These would include 
special equipment or innovative ^cbncept^ which' the auditing 
F>ersonnel might consider worth furthex investigation. 



4 ' / 

One of the most valuable outcomes of the Energy Conservation Project 
study in which sixty municipal buildings, w^re audited by the firm of 
R.G. Vandezweil Inc. was the fact^that approximately half - of the 
savings estimated j/could be achieved through Implementation of "no- / 
cosh" measures . ^ ^ . " 

■7-, . / ^ 

A sanple of the Van'Serweil report and its results is presented on the 
. following 'pages. In this case the auditors worked from a preselected- 
checklist of ^conservation measures. Since this checklist was designed 
for audits of municip^al facilities, it may be copied for use in any ' 
municipality's program. A more detailed disciassion of the londerlying,^ 
technical, principles on which these checklist items are based is ' 
contajlned in the Technical Appendix. This information will prove 
useful to the operating personnel with responsibility for follow- 
thixjugh on audit recommendations. . , . ^ 

In addition to the items listed in the ^checklist, the building audit 
should also include an assessment^ of the quality of observed building 
operation and maintenance procedures. Situations ^where the need for 
Additional or corrective training of operating personnel is apparent 
should be. noted. 



ORGANIZING THE AUDIT 

The amount of time involved in a buildings audits and therefore the 
cost if outside personnel are used, depends vpon the complexity and 
size of a building and other important factors. The use of a pre- 
selected checklist of items can reduce the time required for the 
"walk- through" and preparation of reports. « 

-Providing outside auditors ^with well-organized baseline data on each 
bxiilding to be inspected c^n substantially reduce costs. Key items . 
of informatien that speed up the auditors' work are: 

• annual energy cons imption data by type of fuel and amount; 

• the square .footage of the building and normal hours and seasons 
of operation;- 

• type of construction, with emphasis on number of stories, glass 
area, and type of wall and roof insulation, if any; and . 

• major characteristics of the heading cind lighting systems. 

Providing outside personnel with this information rather than having 
them spend time in developing it saves money. 

Another key to organizing efficient Building Audits is tSae presence of 
operating and supervisory maintenance people during the audit, since 
the auditor will have detailed questions on equipment and operating 
procedures. Their cooperation is essential, since th^ know most 
about their building and will be the people who must implement many of 



Dear Sirs: * 

Enclosed are the reports of our audits of your municipal buildings. These audits 
■ consisted of field visits by one of our staff engineers to determine the applicability 
of a preselected list of energy conservation measures. 

In the checklists that follow, our observations emd recommendations are Indicated 
In the following manner* For measures found to be appW cable we noted whether the 
measure should receive high priority (designated by "H") or low priority ( L ) in im- 
plwentation efforts. Check-offs are used to indicate: 

1. measures which appear to have applicability but which require more analysis 
than a walk-through audit; 

2. measures which have no cost to Implement (such as changes in operating pro- 
cedures; 

3. measures Judged not applicable in specific buildings; and 

4. measures which were already implemented at the time of the walk-through audit. 

Our report includes estimates of the savings In energy consumption in three 
categories: 

1. Percent savings from measures already implemented in the building when appli- 
cable; 

2. Percent reduction that would result from implementation of the recormended 
no-cost measures; 

3. Percent reduction in energy that would result from cost-effective investments 
in equipment which would make permanent improvements in the building perform- 
ance. In this case we have noted areas where further engineering study is war- 
ranted to determine whether these improvements should be undertaken. 

Personnel motivation is probably the most important factor in energy conservation. 
We believe that in.raost cases aggressive management could result in an additional 5 to 
10 percent in no -cost savings. \ , 

Savings estimates and reports on each of the buildings follow. 

Based on our walk-through survey of the High School the following items are likely 
subjects for further cost-benefit analysis: ^^^afc* 

1. Conversion of oil to gas boilers; 

2. Excessive ventilation of unit ventilators; 

3. Roof insuUtion and reflectiv^ coating on outside windows; 

4. ileat recovery from boiler stack. 

Attached is our walk-through check list. Implementation of the no-cost measures 
will result in an estimated reduction in energy conswnption of 15 to 20 percent. Al- - 
though the above cost-benefit studies are not complete we estimate that another 15 to 
20 percent reduction through cost-effective investment is possible. Measures already 
implemented by local personnel have resulted in 15 percent reduction in energy consump- 
tion. 

R. 6. VANDERWEIL 
Engineers, Inc. 
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AUDIT CHECKLIST 



DATE: 
TOWN: 



6/9/76_ 



Wattsvnie 



STATUS 



ERLC 



BUILDING: High School 



1) 

2) 
3) 
4) 

5. 

!J 

7) 
8) 
9) 

10) 

11) 



13} 
14) 

15) 

16) 
17) 
IS) 

19) 
20) 



22) 

23) 
24) 
25) 



MEASURES 



Set back Indoor tenperatures during unoccupied periods 
to a recoonendttd level of 55 



Shut down ventflation system during unoccupied periods 

Reduce ventilation rates during occupied periods 

Reduce conductive heatloss transmission through the 
building envelope by adding wall Insulation, roof In- 
sulation and stem windows 

Measure the burner-boiler/ furnace efficiency to ascer- 
tain that boiler is operating with a combustion effi- 
ciency of 75 to 801 

Reduce const^nption of hot water through low flow shower 
heads and automatic shut off lavatory faucets 

Add timeclocfc to recirculating systoi 

Turn off cooling system -during unoccupied periods 

use switching and timers on school lights by InsUllIng 
reconinended devices in these locations 

Reduce power for lighting by disconnecting ballasts when 
delaniplng 

a. Maintain steam traps every 3 months 

b. Check filters on central air handling units and re- 

place every month - 

c. Insulate distribution in the following areas 

None 

d. Eliminate reheat 

Check window units and chillers. 

Use outdoor ain for cooling* 

! ■ ' 

Reduce winter Indoor, temperatures during occupied periods 
to a reconinended level of 68^. 

Increase sirniaer Indoor temperature and r elat ive humidity 
levels during occupied hours up to a reconinended naximimi 
of78/60X. 

Reduce hot water temperatures to a reconwended temperature 

of ITCP. 

Re<;jce solar heat gains through addition of blinds* curtains, 
etc. 

Reduce illimiination levels by replacing existing lamps with 

or by removing about 1/3 of lamps from 

existing fixtures in A*Jlnistrative area. 

Turn off lights in unused areas. 



use Usk lighting in the areas of ^(talnistration. 

21) .Utilize daylight for natural illuDination in the following 
'locations: 



Library 
Shops 

Reduce energy consumption for equipment and machines by 
adjusting the following equipment: 



Reduce electric demand by turning off A/C units. 
Install separate domestic hot water heater. 
Check controls calibration. 



S 

s 



* in the l^ecOMMENDfa colmn, "H** indicates high priority; 
-L- indicates low 20 O 
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the re commendations. involvement of the individual who has supervi- 
sory" responsibility for the user group occupying the building (such as 
a school principal) is advisable, since implementation of some of the 
no- cost measures will require user coopera'tion. ihis individual can 
also provide information on scheduling requirements. 

In general, arr audit should be organized to ensure that sufficient 
information on the mechanics of a building and user requirements is 
readily available to those conducting it. 

5 

Ideally, the audits should occur well into the heating season when 
buildings are fully occupied. This will assure that the bxiildings are 
observed in their normal modes of operation. For air-conditioned 
buildings that are occupied in summer months, a follow-\^ audit sKould 
be made at that time as well. 



SELECTING BUILDING AUDITORS • • 

^Ihere are two options for selecting personnel to conduct the building 
audit — using in-hoxise personnel or hiring outside consulting 
engineers. A municipality should make the choice based on its own 
assessment of financial constraints and the skills of its in-hotise 
personnel. Under no circumstances should -a municipality forego 
conductinq building audits because it doesn't have the moiley to hire 
outside personnel. Remember that one half of the savings found in 
the Energy Conservation Project study resulted from easy to identify 
no-cost measures. There is sufficient information avail^le in this 
report to enable a municipality to capitalize o^n these savings 
opportunities cind to identify the items that might be subjects ^of 
cost/benefit analysis at a later time when funds are available. 

The level of sJciUs required in auditors correlates with the mechani- 
cal complexity of the buildings to be evaluated.^ Older buildings 
without climate control systems do not reqxiire a grear deal of 
sophisticated analysis. Buildings with mechanical ventilation and 
air conditioning, as is the case with many new schools/ should be 
audited by cin individual with a sound background in these systems. 

Where a mmicipality has the option of considering outside personnel, 
it should ascertain that the firms or individuals under consideration 
have a background in energy conservation activity. 

It would be ideal for a trained engineer who is professionally 
qualified- in the design cind maintenance of mechanical and electrical 
systems for buildings 'to conduct the building audit. An engineer will 
be able to spot potential sources of energy waste quickly, whether 
they be due to mechanical problems or to improper operation and 
maintenance procedures. . . • , 

Among the advantages of using outside consultants are the benefits of 
an unbiased observer who can often recognize inadc uacies in building 
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operation and -maintenance better than local personnel. 

Outside help' is also the best means of getting an analysis of any 
weaknesses that may exist 'in the technical skills of staff with 
operating responsibilities for mechanical systems. Ihis is particu- 
larly the case with sophisticated mechanical systems found in modern 
schools. A large high school may have a quarter million dollar annual 
energy budget. Here a 10% savings is highly significant, and tigSit 
operation of control systems can easily achieve it. An outside audit 
signals to employees a departure from business ^fts usual and as such 
can enhance their motivation to follow through. 

There ai^e several sources of outside technical assistance that might 
be considered. Conceivably local citizens with mechanical engineering 
skills might be .persuaded to vol\anteer time to a program. Major town 
industries, including the utilities , may have personnel with the 
requisite skills that could be made available at no cost to the 
municipality. Professional engineering firms are a' source available 
at a fee. Firms with experience in this field should be confident 
enough to guarantee that the cost of their services will be recovered 
through savings within a period following implementation of their 
recommendations. The cost of using outside services can be minimized 
if the key audit information is collected in advance and is available 
to the firm. Similarly, costs may be held down if the audit is split 
into two levels of analysis. The first level would be a. survey citing 
nb-'cost measures to be implemented and capital investment items to be 
considered but not evaluated on a costA^enefit basis until the second 
level. Tlie Technical Appendix to this report can be used to select . 
capital investment measures that are most iik^ly t9 have the best 
payoff when verified by a detailed cost/benefit study at an additional 

^-■^ - 5' '"'■'/¥■ 



FOLLOW-THROUGH ON THE AUDIT 

Although the , audit produ.ces recommendations, the dpllar and energy 
savings will only be realized with implementation. Some of these 
savings are only available after investment in modifying the physical 
plant of a building. But there is an immediate and substantial payoff 
from implementation of the no-cost measur,es. Follow-up attention by 
the manager to make sure that these recommendations are implemented 
promptly is essential. . - 

Itie ECP study was able to reduce the content of no-cost recommenda- 
.tions on an audit checklist to sixteen procedures that are common to 
the operation of most municipal buildings and hav<=^ the biggest impact 
on savings' at- little or no cost. 'Ihey can^ be usefully classified here 
by the type of follow-up action required of a manager when implementa- 
tion is recommended by an audit. Jhe following reviews a classifica- 
tion scheme that notes the different focus .for management follow- 



.through suggested ih each category: 

11 Me:as\ires which iLnvolve minor changes in the operation and 
'maintenance of puildings, but can be acconplished without 
special trainin|^^of building operating personnel. Wiese 
measures include: 

a. Set ba.ck. thermostats diiring evenings and on weekends 'to 
a recommended setting of 55 degrees; 

b. Shut down ventilation ^system during evenings and on 
weekends'; ^ ^ 

c. Shut down cooling system completely during evenings and^ 
on weekends; 

d^ Reduce unnecessary lighting by de lamping (i.-e., removing 
selected bulbs from their fixtures); and / -^-y; 

e. Reduce domestic hot water temperature to 110- degrees. 

Follow-through: 

'items a through c can best be> implemented by adjusting 
mechanical 'timers and controls in a building. If these 
controls are not available / then set-backs should be made 
part of standard operating procedures for personnel. 

The indicated degree settings are critical to getting the 
full potential payoff. 

2'.. Measures involving changes in the operation and maintenance of 
buildings which require technical assistance or special skills 
from operating personnel. These include: 

a. Reduce ventilation rates during occupied periods; 

b. .. Measure and adjust efficiency of the boilerA>umer ; 
c- Check calibration of thermostats; / 

^ d. Eliminate reheat; and 

. _ - : e . Dis cpnne ct_ bal lasts, jwhen de lairp ing . ■_ . 

' , fol.low-throuc^ : ^ 

If requisite skills are not available on staff/ items a^ b^. 
and c can be done under 'an annual maintenance contract. 
Items d and e can be handled by an experienced mechanic- 
s' Measures which can be initiated by building operating personnel 
but which require the cooperation of all users of the building 
for effectiveness. These include: 

a. Reduce winter indoor temperature to 68 degrees or lower; 

b* Increase siimmer indoor tenperature to 78 degrees or 
highe:^; ^ 

c. Turn off unused lights; 

d. Use outdoor air for suxraner cooling; 
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; e. Use blinds or curtains to reduce solar heat gain in 
Suironer; and . , ^ ^.^ 

f. Use natural lighting whenever possible. 
Follow- through: ^ 

These items have a substantial payoff and the cooperation of 
buildin^g lasers on a day to day ba^is is absoljitely critical. 
Explicit and continiiing efforts to enlist that cooperation 
aire advisable. An introductory meeting to review the over- 
all goals and objectives of the municipality's conservation 
program with building users should be ^considered. Most • 
people will accept a 68 degree thermostat setting if they 
understand that the choice is between wearing warmer 
clothing, such as a sweater, or reducing vital municipal 
services. Similar appeals can be made fpr, observance of 
each of the above measures.' A periodic checkv^) of eacli 
^ building to ensure compliance also ought to be considered. • 



^FOLLOW-THROUGH IMPLEMENTATION OF CAPITAL INVESTMENT 
MEASURES ' . 

Each building audit will, uncover a ninnber of possibilities for saving 
energy by modifying building equipment and the bviilding envelope. TSie 
list of possible capilial investments can" be evaluated using engineer- 
ing and. financial crit^ia. Uie annual energy savings that will 
result from a given infRovement can be estimated and converted to a 
dollar value representing the expected anniial return on the cost of 
that investment. The manager using financial 'criteria such as years 
to payback and rate of return* can select those investments which will 
yield a return over and above the original cost of the investment. 

This return could be thought of as an a nnua l dollar savings that 

could be reinvested in additional energy conservation in^irovenients 
until the list of possible cost-effective improvement^ has been 
completed." / \ 

K manager can ob-tain a financial and engineering analysis of the list: 
of possible investment measures ^ that will provide him with information 
on the cost of the investment^ the annual dollar savings, and the 
expected lifetime of the improvement. On this basis, a schedule of 
capital improvements can be organized. Biese can be selectively 
in^^lemented each year as fxands are available until all cost-effective 
investments have been made, reducing 'annual, building energy costs ^ 
a xoinimm. ^ ^ . * 

The Building Audit program in six municipalities in the ECPstudy 
included a financial and engineering analysis of a list of^irty 
possible energy conseirvation improvements in different municipal 
bxaildings. These studies, and a detailed presentatioi of the finan- 
cial decision-making criteria that can be used to evaluate improve- 



nients^ are contained in the .Technical Appendix. 

/ ■ \ • . 

^JShere are two very import^ant points to make in closing this discus- 
sion. Because of the inefficiency-' of our curr^t building stock, 
there, ar-c investment opportunities for improving municipal buildings ^ 
that yield a'^et^r overall return that can be obtained by investing 
the same amount or^ money in a savings, account. By not. identifying 
these opportunities and making these investments, a municipality will 
be forced to spend an increci^ing 6anount of money. 'each year for ^ 
building energy that is being unnecessarily wasted. 

The latter point must be stressed. Rising fuol prices are inevitable 
for the foreseeable future. The only uncertainty is how. rapidly they 
will increase. This '^means that the annual- savings anticipated from an 
inj^rovement will increase at* the same rate as fuel prices escalate. 
Hhe effect "Of this is -a much quicker return on investment than would 
otherwise be the case. This is illustrated by the graph in Figure 2, 
which charts "years to payback" versus the ratio of initial investment 
cost to annual savings. The heavy dotted line shows, for an invest- 
ment of (for example) ?1,000 with annual savings of $100 (i\e*, a cost 
to savings, ratio of 10 on the horizontal axis) , how the years to pay- 
back decrease as the rate of fuel price escalation increases. 

This is a rather high cost/savings ratio. There \re investment 
opportunities in many municipalities with a much quicker return. 



FIGURE 2 

TIME REQUIRED TO RECOVER ^AN ENERGY . - 

CONSERVATION" INVESTMENT WITH SEVEN PERCENT. DISCOUNT, RATE 
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FUEL 
COST 

ESCALATION 
RATES 



RATIO OF INITIAL COST TO FIRST .VIEAR SAVINGS 



ENERGY 

CONSERVATION 

MANAGER 



Organizing a program of energy mcinagement in buiildings .reqxiires 
1-eadership by the Chief Executive in assigning to mxmicipal petsonnel 
the key tasks to be performed in energy budgeting ^ building auditing; 
and follow- through phases. The participants in these activities will 
be a diverse grojjp^ of individuals. Motivating thenif coordinatdLng 
their efforts and recognizing their accomplishments is the key to 
' the long-term success of the program. 



RO^E OF THE MUNICIPAL ENERGY CONSERVATION MANAGER 

An important first st6p that will give the program ^leeded visibility 
is a formal policy statement by the chief executive announcing program 
goals and objectives and assigning responsibility for in^Jlementation 
of key^ tasks. These tasks can be thought of as a sequence that 
includes: calculating .AEI's to determine energy savings potential; 
communicating with and' obtaining the cooperation of maintenance 
: personnel and building users involved in program in^Jlementation; ^ 
monitoring performance on a periodic has±s; evaluating year-end 
results; and reassessing savings goals for the next year. Tlie 
individuals^ in'^oLved in these activities . include the chief executive, 
accounting personnel, maintenance personnel, and building xisers. 

Ihere is an obvious need for coordinating this effort. In evaluating 
the options for accomplishing this, the chief executive should ^ 
consider the integrated role that' can be played by a locally desig- 
nated Energy Conservation Manager. The illustration on .-tjie following 
. page schematically presents this concept. Ihe' diagram does not 
necessarily imply the addition of new personnel. aii.is function may 
be appropriate to an individual already on staff or to a department 
that already has building management responsibility. It is iirportant 
that the program functions be explicitly assigned atnd that the 
assignment carry with it sufficient visible siipport from the chief 
executive so that the responsible individual or depaurtroent with the 
assignment can obtain the cooperation of the key actors. 

Ihe people-oriented aspects of the Energy Conservation Manager's role 
need to be stressed. The cooperation of- maintenance personnel and 
■building users such as classroom .teachers' in adjusting to changes in 
operating procedures and wasteful habits is vital. The tasks that are 
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FIGURE 3 



ROLE OF THE/ ENERGY CONSERVATION MANAGER 



Annual Program Cycle 
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in5)ortant to the success of this communication process, are highlighted 



below: | 



Intorproting and Promoting ,the Program: 



1. Translate ' target goals and walk- through audit, results into 
building operation procedures fdr each building maintenance 
person ; I - 

; hi'' 

2. TVssess the practicality of inclement ing these procedure^ to 
determine when and how much training or oxitside assistance 
is needed? and i 

3. Meet with laser groups to .educate thorr. in the municipal 
energy savings progr^ and its implications. 

Implementing the Program: I 

1. Communicate building pperations^ procedures to building 
. . . operators arrd managers; f 

2. ' • Commianicate ene/gy coiisumption data regularly to building 
personnel and a^dmin^strator"; 

-3. Communicate problems-^n isiterpretatibn or inplementation 

noted through periodic monitoring to the administrator; and 

t . 

4. Communicate exanples - of successful results in saving ener^ 
and dollars.' ^ ^ 



/ 

S^ERV/i 



ESTABLISHING THE ENERGY ■ CONS^ERVATI ON MANAGER'S^ ROLE 

The decision on where to assign the Energy Conservation Maiiager's 
function must take into account the local circumstances^ of organiza- 
tional structure, skill Jevels of personnel, and financial 
constraints. As the task definitions show, the ECM needs to have 
skills in motivating and communicating with "people, as well as a 
background in building operations. One way of evaluating the vprth 
of this function is estimating the extra margin of savings that can 
be genera ted, with, aggressive program^, implemental^iori^ This would be 
considered as 'roughly 10% of a mmicipality • s- total building energy 
cost. The impact of this savings increment is show!n -in Taljle -4 fpr 
the, six-- municipalities tha^t participated in the ECP study: 

Ten percent is *a very conseirvative estimate of potential saving's and 
could easily *be reached "through no-^cost measures. Hhe Energy- 
Conservation Manager in Concord ^ccessfully reduced ener^Nponsuit^-- 
tion in the Town Hall by 30% over one year at no cost. Cftj^^ve that 
for towns over 10,000 in population an atmtial savings of * evSn 10% 
would anply provide the, salary of an. energy^ conservation -coordinator. 

The degree of control exerted by one energy coordii\ator over the 
operation of all municipal buildings may vary among municipalities.^ 
Traditionally the operation' of mmicipal buildings falls under. ^ 



TABLE ^ 



Town * 


« 

Population 


Total Cost of 
Building Energy 


10 % 

Annual Savings 


Pall River 


100,000 


$ 


1,102,000 


$" 


110,200 


Attleboro , 


33,000 


$ 


649,000 


$ 


64,900 


Concord 


16,000 


$ 


342,000 


$ 


34,200" 


Tyngsboro ugh 


4,313 


$ 


63,000 


$ 


6,300 


Peppereil 


5,887' 


S 


42,000 


$ 


4,200 


Dunstable 


1,292 




16,000 . 


- 5 


1,600 



departmental control (i.e., the school department exclusively controls 
school buildings, the fire department operates its ovm buildings, 
etc.). However, if one accepts the savings opportunities described 
earlier, it may be well worth changing the traditional scheme of 
mtmicipal operation to gain the benefits of expert skills available 
through central building management. 

On the other hand, by making the energy conservati^On manager something 
less than all-powerful, the position may become more feasibly without 
sacrificing a great deal in ef fectivenfess . For example, school 
buildings account for about 70% of the energy used in all municipal 
buildings, fey making the Energy Conservation Manager (ECM) a 'j^art of 
the 'school department, a major portion of the town's potential savings 
could be achieved. This is but one examp^le of the many possible ways 
in which a municipality can build the role of an ECM into its existing 
organizational structure. Given the variations in the structure of 
local governments in Massa'chusetts , there is no single best organiza- 
tional approach: the municipality must determine for itself how an_d ... 
where the ECM should fit in. 

The -ECM should be located to serve all municipal departments having 
building management responsibilities and thus generate the greatest 
savings. Ideally the ECM would f motion in every department, and 
should always function in school buildings. 

One of the most important conclusions drawn in the ECP -study of 112 
municipal buildings was that achieving the highest possible matgm of 
energy savings depends on aggressive implementation. In most cities 
and towns, an energy conservation manager with "the responsibility and 
the authority for getting the job done can achieve additional savings 
that will more than cover any additional salary costs involved. 
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TECHNICAL 
APPENDIX 

REVIEW OF BUILDING ENERGY BUDGETING PRINCIPLES 

This section discusses the following technical issues: 

Why units of energy are used rather than dollars in budgeting; 

Why the AEI is adjusted for building size and cost of ^fuel; and 

How , the Standard AEI's were derived. ^ - 

This section "also presents the methods and material ^ including sample 
S«Drkslieets / ^or calculating AEI budgets. 

• Why Units of Energy Rather than Dollars are Used in Energy Budgets 

A conparison of the efficiency of two separate buildings should be 
made on the basis of the total xinits of energy required for heat^ 
lights and power in the respective buildings.^ The alternative 
comparison, based solely upon total dollar^ spent for ^nergy in 
buildings, is s\±>ject to serious inaccuracies for two reaisons. 

First, "the prices of different sources of energy (i^e., electricity, 
oil,; and gas) are not equivalent in terms of units of energy per 
dollar, ah^ different buildings use these sources in varying propor- 
tions^' >Energy units purchased in the fotto of electricity, for 
example i are three times as expensive cis those in the form of oil. It 
is conceivable that two buildings could have significantly different* 
energy bills while consuming equivalent amounts of en^-gy. 

' - fl ....... 

Second, because energy prices- increase fronv year to year, comparing a 
particular building* s . total dollar enercjy cost in succeeding years tnay^ 
obscure the fact that actual annual epje^gy consuni>tion has remained 
the same or even decreased. ' . : 

The relationship 5f energy sources (i*e. , electricity, gas, and oil) tc 
end lases (heat, light, power) in one building is not likely to be the 
same as in another^ And within the same building, one source may be 
substitul^d for another over time. It is not very useful for effi- 
ciency puz^ses to compare quantities {i.e., gallons, kilowatts, cubic 
feet) of energy sourses consumed between buildings. ^But the energy 
content- of different fuels is known and'canj^ie measured in thoxisands 
of British Thermal Units (MBTU's) . (A BT?efis defined as the amount of 
energy required to heat oi^pound of water by one degree fahrenhe it.' 
.An^MBTU is equivalent to 1,000 BTU's.)/ When quantities -of different 
^fuels, such as .kilowatts of ; electricity , gallons of oil, and jt^rfei^c 



feet of gas. are converted to their MBTU equivalents, they can be 
added together to determine the total MBTU's of energy used in a 
building during a year. (The only real adjustment the layman has to 
make in thinking about energy sources in BTU's is the problem of 
scale* BTU's are a small unit of measure.. There are 143,000 BTU's 
in one gallon of oil. ' During the course of a year, a given building 
will consume Several billion ^TU's Totalling the BTU's of energy 
used during a year in a building presents' ^ much more accurate 
picture of consumption and permits accurate comparisons between 
similar types of buildings. 



Adjusting the AEI for Building Size and Cost of Fuel . ? 

Energy use in a building is partly a- fxinction of the volume to be * 
heated and the sqxiare footage to be illuminated. . Dividing total 
annual energy use by total building square footage allows coxnparisons 
to be made between different size buildings. This measure of MBTU's 
per square foot is a performance indicator that is a rough measure 
of relative building efficiency. In this report, total MBTU's per 
square foot is referred to as an Annual Efficiency Index (AEI) . The 
AEI is the basic tool in energy budgeting that enables a manager to 
determine whether or not the dollars allocated for building energy 
are being wasted. 

Since it is intended that this budgetary technique attract a manager's 
attention to buildings with the greatest dollar savings as well as 
energy savings potential, .the conversion factors used are adjusted for 
the fact that, as a rule, electrical MBTU's are three times as 
expensive as oil or gas MBTU's. In the ECP .study, this corrected 
AEI yielded the best correlation with dollar per square foot cost, 
and is "accurate for buildings that use fossil fuels for heating; , 

All-electric builAings will generally have inflated AEI's -when 
con^^ared directly to similar fossil-^el-heated buildings. This does 
not mean that all-electric buildings are> actually more inefficient 
than their fossil-fueled CQuntexparts^ but ra^ther that electricity — _ 
as an energy source— has built-in inefficiencies due to the /large 
energy ' losses associated with its generation. 

The AEI standards recommended in this maniial are for fossil- fuel (gas 
or oil)- heated buildings only and should not be applied to all- , 
electric buildings. (It is possible to adjust the AEI of an all- 
electric building, if the annual electrical consumption for space 
heating alone can be isolated from the total electrical consurpption. 
However, since all-electric municipal buildings are relatively rare 
in Massachusetts, this adjustment is not incIg^ed.X * 

• 

How Were the Standard AEI's Derived? 

The ECP study .calculated AEI's for 112 municipal buildings. These 
buildings v^el^eg^oi:5)ed by type and an average AEI for the group was 
calculated.- Th^^-i^I of each bXiilding was then compared to the average, 
and sixty buildings" found to be significantly above average ^were 
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selected for a Building Audit to determine the causes of their ineffi- 
ci^cies. These audits examined operating procedures and mechcinical 
equipment in each building. Each inspection resulted in a report that 
indicated which procedures should be modified to improve efficiency 
and where improvements in equipment would reduce consumption* The 
percentage savings in annual consumption that would result from these 
procedural modifications, i.e. no-cost savings, were also estimated 
for each building. - 

Taking these estimates into accoiint, new average AEI's were calculated 
for each building type. Climatic adjustments were also factored in to 
account for the geographic dispersion of the demonstration municipali- 
ties. These new average AEI's, adjusted to the Boston climate, are 
the base AEI standards. By readjusting the standards to reflect local 
climates (see .Step III in the next section), these AEI standards may 
be applied in all of the cities and towns of Massachusetts. 



PROCEDURES AND WORKSHEETS FOR CONSTRUCTING AN ENERGY BUDGET 

Hie municipal building energy budget is composed of energy budgets of 
each municipal department, which in turn are constructed by aggregat- 
ing the energy Budgets of each building. The preparation of an energy 
budget for a building is a four-step process summarized in Figure I-l 
and discussed below. , | " 

^ - 

Step I: Collect Data - 

Tjie required data, v^ich consist of the total quantities of electri- 
city, oil," and natural gas consumed" annxaally as well as t±ieir costs^ 
can^be obtained in one ^p^^ two ways. The first way, which is probably 
more likely Tto be accurate than the second, entails personally 
collecting the monthly utility bills and oil delivery receipts for the 
most recent fiscal year directly from municipal records. The , 
alternative i^ to submit a request for a yearly summary of the 
miahicipal accounts to your utilities and oil dealers. These requests 
inay be refused, however, since the information you request is made 
available through the normal billing process. 

To facilitate the collection of this data, use Worksheet 1.- Copies of 
this worksheet should be prepared for each municipal building. Retain 
the completed worksheets for your permanent records. 

Also required rn thie energy budget is the enclosed area of the 
building, which can be determined either from the. building plans or, 
if they are unavailable, by physically measuring the building. Count 
each floor separately in the measurement, but" don 't include unheated 
basements or attics. Deduct the thickness of the exterior walls from 
the measurements, but leave in the space occupied* by interior walls. 
Figure 1-2 shows the -^rrect method of measuring building area using a 
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FIGURE I-l PREPARING AN ENERGY BUDGET 

PROCESS STEPS * DSg \rLT¥L: 

I. COLLECT DATA WORKSHEET 1 

^COLLECT twelve months fuel consumption 
data (gas, oil, electricity). 



II. COMPUTE ACTUAL AEI WORKSHEET 2 

'CONVERT fuel consumptibn to equivialent 

energy value in MBJU's. 
'DIVIDE total energy value by total 

building area. 



III. COMPUTE STANDARD AEI WQRKSHEET 3 

'MULTIPLY base AEI standards by local 
climatic adjustment factor. 



4- 



IV." DETERMINE POTENTIAL ENERGY SAVINGS WORKSHEET 4 

-savings factor - actual AEI - standard AEI 

actual AEI 

-dollar savings « savings factor^ total annual 

i energy cost 
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SAMPLE WORKSHEET 1 



FUEL CONSUMPTION DATA WORKSHEET 

HUHIClPALin: VATTSUt^-LE- 

BUILP.IN6_NA.1£ : Tn^falf fpb'i 



FISCAL YEAR: 
BUILDING AREA 



TOTAL ANNUAL ENERGY COST; k-^f.hCO , .. . , 

JOTAL ANNUAL EfOG Y CCN$unPTlON (flBTU^S) ^ i^j rj^,0<.u 



nONTK/YtAR 



GA$ 
COHSUMED 

(CCF). 



NATURAL 
CAS 

COST 

(dollars) 



(gallons) 



OIL 
COST 

(dollars) 



V OIL 

CONSllHED 

(gallons) 



i OIL 
COST 

(dolurs) 



electricity 
consumed 

Ckwh) 



ELECTRICITY 
COST 

(dollars) 



JUNE 



JULY 



AUG 



OCT 



^3y 



/o J OQ 



7^r 



DEC 



FEB 



MAX 



HAY 

TOTALS: 



O 



0i>0 



FIGURE 1-2 CALCULATING BUILDING AREA 



1. 

FROM THE PLANS OR A 
VISIT TO TVE BUILDING 



HI 
Hi 



+ 



i 


L 

W ^ 







MEASURE T>€ OVERAUL 
LEN(]TH AND WICGW OF THE 
BUILDING I(5N0RING r^^BUOR 
WALLS 

AREA = LxW 



2. ' ' 

IN TORE (XW-ICATED BUILDIN(3S 



Ai 



BREAK T>C BUILDING INTO SIHPl£ RECTANGLES 
AREA » Ai + Aj + A3 

don't FORGET TO ADD THE AREAS OF SECOND ■ 
OR THIRD FLOORS 



single building plan. The local building inspector can help you 
calcxilate ' building areas. 

f 

Step II ; Calculate Actual" 

The definition of the AEI of a building is the total energy con^sumed 
annually in the building per square foot of building area, and is ' 
expressed in units of MBTU's pek square foot. Since the amount of 
energy contained in each type of fuel differs, the conversion factors 
in Table I-l are given to be used in calculating' the ^ total, energy xn 
any quantity of each of the fuels most cormnonly used in buildings- 

Ifee WorksVet 2 to calculate the AEI of a building. > Copies of this 
worksheet should be made for each municipal bXiilding. 
The following exaii?>le sl^ows a step-by-step method for calculating the 
AEI of a building; in this case, the building is the typical school 
described in Sample Worksheet 1).. 



Example I- 1: AEI Calculations 
Building data from Worksheet 1: 



(see SaD:5>le Worksheet 1) 



building type: school bviilt after 1945 

KWH of electricity consvmied: 

gcillons of #2 oil consumed: 

CCP of natural geis constmied^ 

total energy cost: 

bxiilding axea: 



242,000 KWH 
49,334 gallons 
0 CCF 
$ 31,800 

50,120 square feet 



Result: Actual AEI = 202 > 6 (see Sample Worksheet 2) 




TABLE I-l 



ENERGY CONVERSION FACTORS FOR 
COMMON ENERGY SOURCES FDR BUILDINGS 



Energy Source 

Electricity . 
#2 Oil 
#4 Oil 
#5 Oil 
#6 Oil 
Natureil Gas 



Cnits of Me as tire Conversion. Factors 



KWH 

Gallons ^ 
Gail Ions 
Gallons 
Gallons 

CCP (hundred enable 
feet) ■ f 



11.38 
139.0 
150.0 
152.0 
153.0 
103.1 
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SAMPLE WORKSHEET 2 

ANNUAL EFFICIENCY INDEX (AEI) WORKSHEET 

1. -FILL IN THE TOTAL QUANTIES OF FUEL IN THE APPROPRIATE SQUARES 

ON THE WORK SHEET. ^ 

2. nUlTIPLY THE TOTAL l«H/gF^E1^CTRICITY CONSUMED TIMES ^ . 

THE CONVERSION FACTqRfa ^"7^7^^ X 11.38 - MBTU'S 

X Sr^ -i- total lOfB ' n 

3. MULTIPLY THE TOTAL GApifi OF #2 OIL CONSUME TIMES 

THE CONVERSION FACTO^^f ' -— X 139.00 - l_ ^ nBTU S 

■ ■ - total gdLlcma 

4. MULTIPLY^ TOTAL SAUXNS OF #1 OIL CONSUMED . 

THE CONVERSION FACTOR: *^g^^%ianM ^ ^50.00 • tj^Y^/^ nBTU S 

5» WLTIPLY THE TOTAL GALLONS OF #rGIL CONSUME TIMES 

THE CONVERSION FACTOR: , -r— * 152.00 " I Qi nBTU S 

total gallofu 

6. ' MULTIPLY THE TOTAL GALLONS OF #6 OIL CONSUME TiMES 

1¥S. CONVERSION FACTOR: X 153.00 ■ I 2J flBTU s 

total gatlonM 

7, MULTIPLY THE TOTAL CCF OF NATURAL GAS CONSWK TIMES 

THE^COHVERSION FACTOR: X 103.10 - 1_ £J MBTU'S 

toted CCr 

Z. ADD UP THESE ffflTU'S TO GET THE TOTAL BUILDING - ^ 

ENERGY consumption: TCTALmaST U^j^f,^ HElTU S 

9. OTTER THE TOTAL ENCLOSED AREA OF THE BUILDING 

here: iuzw L£2ii2£J SQ. FT. 

10. DIVIDE THE TOTAL EffEFGTCUHE 8) BY THE ASH (LINE 9) fffiXU^S/ 
TO GET THE^BUILDING AEI: AEI L^2El^ SqI 



Step ^11: Compute Standard AEI 

It is not accurate, to suggest that the same Standard AEI's should be 
applied in ail areas of Massachoasetts. A building in a more severe 
climate will consume more energy per square foot than a similar 
building in a milder climate. Muriicipatlities on Cape Cod r the North 
and South Shores, and along the southern coast do not e:q>erience the 
severe winters that towns in Western and Central Massachusetts do. 

The Standard AEI must be adjusted annually in your area. Table 1-2 
lists climatic adjustment factors for fifty locations around the 
«5^ate. These adjustments are given for the five most recent fiscal 
years / ♦"hereljy taking into account the variation in climate due to^ 
both geographic location and the relative severity of the winters in 
each location from year to year- ^ — 

To use Table 1-2, p^ck the location nearest yoiu: own, then pick the 
fiscal yeaur for \rfiich you have consumption . data and find Uie adjust- 
ment fa^ctor in th^^ table. Multiply the Standard AEI's in Worksheet. 3 
by the adjustment factor you have just found in Table 1-2 The 
following exaii?>le demonstrates the entire process of ^ climatic 
adjustment. 



TABLE 1-2 CLIMATIC ADJUSTMENT FACTORS FOR 
MASSACHUSETTS ' 





.975/ 7 1 J 




1973/74 3 


.972/73 1 


.971/72 ^ 


Adams ^ 
Borden* Brook Rea. 
Chester 

Omnlngham Hill 
Great Barrington 


1.30 
1.29 
1.27 
1.31 
1.29 


1,32 
1.36 
1.31 
.1.37 


tr, 

1.21 
1.34 


1.28 
1.38 
1.27 
1.36 


1.31 
.;1.37 
1.3S 
1.37 
HA 


Hoosac Tunnel 
IQiightsville Daa ^ 
Laneaboro 
Stoclcbridge 
Asihers't 


SA 
1.27 
1.39 

SA 
1.09 


HA 
1.30 
1.44 
1.29 


.SA, 
1.32 

SA 
1.2S 

X. Xw 


1.30 
1.27 
1.42 
1.26 

1 11 


1.32 
1.32 
1.43 
1.32 
1.15 


vBarre Falls Dam 
* Bedford 

Birch Hill Dam' \ 

Blue Hill 

Bti£fu]nville Dam 


1.32 
1.09 

1.35. 
1.05 
1*20 


1.37' 

1.12 

1.40 

1.12 

1.27 


1.34 
1.11 
1.33 
1.10 
X.2X 


1.33 
1-13 
1.34 
1.11 

X.Zw 


1.38 
1.17 
1.41 . 
1.15 

X. 


Chestnut Hill 

Clinton 

Dracut 

Dunstable 

East Brimfield Dam 


1.06 
1.17 
1.14 
1.18 


HA 
1.20 
1.22 
i-19 


0.93 
1.22 
1.22 
1.15 

X. 


HA 
1.19 
1.22 
1.19 
1.18 


1^10 
1.24 
1.22 
1.21 
1.25 


Pitchburg 
Framingham 
Haverhill 
Lawrence 
Heading . 


1.03 
1.01 
1.06. 
1.10 


1.16 

HA 
1.05 
1.11 
l.lo 


' 1.1* 

1.06 
1.02 
1.10 

1 1 ^ 

X.Xh^ 


1.16 

SA 
1.07 
1.10 

1 lA 


1.19 

HA 
1.09 
1.13 
1.18 


Shelbum Falls 
Springfield 
Tully Dam 
Tomer Falls 
vralpole 


1.25 
1.00 
1.30 
1.14 
1.03 


1.27 
1.06 
1.34 
1.18 
1.10 


1.24 
1.02 
1.28 
1.15 

1 HA 
X.UO 


1.27 
1.04 
1.31 
1.16 

WA. 

CU\ - 


1.31 
1.09 
• 1.34 
1^21 
HA 


West Hedvay 
Worcester . 
Boston 
Brockton - 
South wellf leet 


1.13 
1.18 
0.87 
1.03, 
0.94 


1.18 
1.23 
. 6.98 
1.11 

X. \J4. 


1.14^ 
1.19 

0i96 

l*P7 


' 1.13- 

' iT.oo 

3,.05 
.1.00 


1.18 
^ 1.23 
0.98 
1.12 
1.03 


Chatham 
Bast Wareham 
Bdgutown 
Fall River 
. Bingham 


0.97 
' 1.06 
0.94 
HA* 
-1.00 


1*03 
1.07 
1.00 
1.02 
\ 1.07 


1.01 
1.07 
1.00 
0.99 

X.U2 


' 1.05 
0.99 
' 1.00 

1.0> 
1.09 
0.86 
l.lx 
^ 1.08 


• HA 
1.09 
1.02 
1.03 
1.08 


Middleton 
^Hantocket i 
BM Bedford . 
Peabody 
Plymouth 


1.01 
0.94 
HA 
. 1.04 
1.05 


1.08 
1.03 
0.80 
1.10 
1.14 


1.05 
.1.10 

HA 
l.OTj 
I.ICT 


1.10 
1.01 
0.91 

X .x^ 

1.14 


Provincetown 
Rochester 
Bbckport .. 
Taunton 


HA 
l.OS 
1.02 
1.06 


i.oz 

1.09 
1.09 
1.14 


1.01. 
1.11 
1.06 
1.12 


HA 
. 1.10 
1.08 
1.10 


1.13 
1.11 
1.14 
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Example 1-2: How to Adjust Standard AEI's for Local Climates 

/ l^sume Standcurd AEI"s are to be adjusted for the climate of . 
Lowell, MA during the 74/75 fiscal year. 

Step 1= Locate Lowell in .Table 1-2 • (?ince no value is given 
for Lowell/ take the ^ value for Lawrence which is 
neart^ . ) 

Step 2: Under the y'ear of jfiscal 74/75 in Table 1-2, the 
adjxjstment factor 1.11. is found. ' ' 

Step 3: Using the space provided in Worksheet 3, multiply each 
Base Standard AEI by 1.11 to find the adjusted Standard 
AEI for Lowell. 



Climatic Adjustments tor Future Years 

Table 1-2 contains climatic adjustment factors for the fiscal years 15) 
to and including 1975-76. Since it will- be necessary to have iipdated 
climatic adjustment factors each year, two methods are provided to 
enable local personnel to determine these factors for themselves. 

' ' .' ' ' • 

: % METHOD 1: Averaging " / " , 

■ ^ - . ^ . ■ ■ * ' * , ■ " ■ 

' Although the climate, varies somewhat from year to year in a 

given location, it is possible to base future local standards 

on an average of the five factors shown in Table 1-2. This is 

not the most acciarate method/ but it^is sufficient to use in 

formulating base-year, standar-ds . 

" , Example: s . ■ 

Por Clinton, Idle average climatic factor from Table 1-2 
^ woxild be calculated as follows; ^ 

Averaqe/^ciimatic- ^ l.Cf€ + 1.20 + 1. 22''+a.a9-4- 2.24 Lj^^j^^ 
V Adjiastmfent Factor . 5 

• METHQD 2: Accurate Calculation 

■ The true' value of climatic adjustment fact'ors for future years 
can be easily calculated from published 'weather data. WeatKer 
data for New England is published each month by the^ National 
Oceanographic and Atmospheric Administration (NOAA) . In each - 
year's July ptjblication, Jihe reader will find a table of 
"Monthly and Seasonal Heating Degree Days" for locations in 
Massachusetts. The total heating degree days of each location 
" in this table forms the basis' of the climatic adjiostment factor. 

Uie new factor is determined by dividing the total local heaiting 
degree days by 5621* ' . 
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SAMPLE .WORKSHEET 3 



y 



BUILDING TYPE 



BASE AEI CLIMATIC LOCAL- A£r 

STANDARD* ADJUSTMENT STANDARD _ ^ 

(HBTU'S/SQ.FT.) FACTOR** (HBTU'S/ SQ.FT.) 



SCHOOLS BUILT' BEFORE 19^5 

SCHOOLS BUILT AFTER 19^5 " 

FIRE STATIONS 

TOWN HALLS (OFFICES) 

LIBRARIES 

POUCE STATIONS 

DPW GARAGES 



105 
120 

•135 
115 
110 
105 
105 



X 



J2S. 



/'II 



X 
X 



/.// 



X 



111- 



•base standards are. based upon an annual heating season of 5621 DEGREE 

DAYS (boston'^ 30 year NORMAL) 
^•climatic adjustment factors for fifty' LOCATIONS IN MASSACHUSETTS ARE 
.GIVEN IN TABLE 3 i " - - ' \ - - 



iAMPLE WORKSHEET- 4 . 



POTBTTIAL ENERGY SAVINGS 



1. ENTER ACTUAL AEI from worksheet 2 and standard AEI from worksheet 3 

BELOW. 

2. COMPUTE THE energy savings factor. 



35^ 



(AatuaZ ABI — Standard ASZJ -f- Aetuat AEI » Eiiergy Saoifige Faetor 
3. ENTER THE TOTAL ANNUAL ENERGY COST FROM WORKSHEET 1 BELOW. 



li. COMPUTE THE POTENTIAL ANNUAL SAVINGS, 



(Annual inergy Coot) 1 CEnergy^Scpinga Fact^) dotentiat Aixnuat Savnngs 



/ 



Example: ^ 

In the -July 1978^p^ibli cation of Climatological Data for 
.New kngland, the total heating degree days for Clinton^ MA^ 
ioaight be listed as 6500. 

riSie 1977/78 clituatic adjustment factor for Clinton would 
be: 



n/lS Climatic ^ 6500 ^ 
Adjustment Factor ,5621 




To obtain this information from. NOAA^ send orders for -the July 
issue of Climatological Data for New England to: 

National^ Climatic Center^ ' 
Federal Building 

Asheville^ NC 28801 • ' 

Attention: Pii)licatipn& ^ , 

Hie current price of the JiiLy issue is 35*. 

Step IV: Determine Potential Energy Savings . 

Once actual and locally adjusted Standard AEI^s are known^ it is 
possible to determine the potential energy savings in a building as a 
percentage of its current annixal consunption. Use copies of Worksheet 
4 to calculate the potential energy savings in each mxmicipal^ 
building. v 

Example 1-3: * . . , 

' • Assume, that the school ;used in Exancile 1-1 is^ located in Lowell. 
Using; the local "standard AEI's for 74/75 from Example 1-2^ .. ^ 
calcxilate the potential annual savings for the school. 



Data from Worksheets: 



292, 
133 
$ 31/800 

Result: Potential Annual Savings = $11^027.00 '(see Sample 
Worksheet 4) . . 



Actual AEI 
Standard AEI 
Annual Energy Cost 



.6 (from Worksheet 2) 
j(from Worksheet 3) 
(from Worksheet 1) 



When the potential savings, for each municipal building are known/ 
departmental and municipal potentials can be evaluated xasing Worksheet" 
5. In ensuing years , these potentials should shrink as actual energy 
.consuii5)tion is reduced to or below the local consumption standards. 
This would indicate a successfully conducted energy management 
program. ' t • 
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FUEL CONSUMPTION DATA WORKSHEET 

fMIIGIPALITY: 

BIHLDING m: 

FISCAL YEAR: _ . 

BUILDING AREAr 



TOTAL ANNUAL ENERGY COST: _ 

TOTAL ANNUAL ENERGY CONSUMPTION (fIBTU'S):. 



honth/year 



NATURAL 

GAS 
CONSUMED 

(CCF) 



NATURAL 
GAS 

COST 

(dolurs) 



I OIL 

consumed 
(gallons) 



jT OIL 
COST 

(dolurs) 



9 OIL 

consumed 
(gallons) 



i - OIL 
COST 

(dolurs) 



electricity 
consumed 

(knh) 



ELECTRICITY 
COST 

(dolurs) 



JUNE 
JULY 
AUG " 
SEPT 
OCT " 
NOV 

DEC ' 

JAN 

FEB 

MAR " 
APR 

KAY ' 

TOTALS: 
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WORKSHEET 2 



ANNUAL EFFICIENCY INDEX (AEI) WORKSHEET 

1. Fia IN THE TOTAL iuANTIES OF FUEL IN THE APPROPRIATE SQUARES ' 
ON THE WORK SHEET. 

2. HULTI PLY THE TOTAL KWH OF ELECTRICITY CONSUMED TIMES 

THE CONVERSION factor: ■ _ X 11.38 «- l— I HBTU's 

. ^ tctalJOm 

3. MULTIPLY THE total gallons of #2 oil consumed times ^ ' 

THE coNVERsibN factor: — X 139.00 - I I MBTU's 

total oallanu 

MULTIPLY THE toTAL gallons of iA oil coMswffiD times _ 

THE conversion FACTOR: , X 150,00 - I -J MBTU's 

total gallona 

5. MULTIPLY THE TOTAL GALLONS OF 15 OIL COMSU»tt0 TIMES _ , 

' THE CONVERSION FACTORS , „ X 152.00 ■ I I HBTU*$ 

total gallema 

6. MULTIPLY The total gauons of 16 oil comsuhoi times 

THE CONVERSION FACTOR: — X 153.00 ■ I I nBTU's 

total gallon* 



7. MULTIPLY THE TOTAL CCF OF NATURAL GAS CONSUMED TIMES . 

THE CONVERSION FACTOR: X 103.10 ■ I _J HBTU* 



total CCF 



S 



8. ADD UP THESE MBTU's to get the total building ' 

ENERGY CONSUMPTION: TOTAL OOKX I I flBTU S 

9. ENTER THE TOTAL ENCLOSED AREA Of THE BUILDIN6 

HERE: ~ jww I I SO. FT.' 

10. DIVIDE THE TOTAL BiatCTiLtHE 9) lY THE AJXA (LINE 9) . mju'./ 

TO GET THE BUILDING AEI: Atr I I ggj^pj^ 



47 

46 



WORKSHEET 3 



BUILDING TYPE 



BASE AEI CLIMATIC LOCAL AEI 

STANDARD* ADJUSTMENT STANDARD 

(W'S/SO.FT.) FACTOR** (MBTITS /SQ.FT.) 



SCHOOLS BUILT BEFORE 1S45 

SCHOOLS BUILT AFTER 19^5 

FIRE -STATIONS 

TOWN HALLS (OFFICES) 

LIBRARIES 

POLICE STATIONS 

DPW GARAGES 



105 
120 
135 

115 
110 
105 
105 



X 

X. 



X 
X 
X 
X 



*BASE STANDARDS ARE BASED UPON AN ANNUAL HEATING SEASON OF 5621 DEGREE 

DAYS (boston's 30 YEAR , normal) ^ * 

•♦climatic ADJUSTMENT FACTORS FOR FIFTY LOCATIONS IN MASSACHUSETTS ARE 
GIVEN IN TABLE 3. 
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WORKSHEET ^ 



POTENTIAL ENERGY SAVINGS 

1. ENTER ACTUAL AEI from worksheet 2 and -standard AEI from worksheet 3 

BELOW. 

2. COMPUTE THE ENERGY SAVINGS FACTOR. p__ 

( -_ ) — : — _ - i i 

^ {Actual ASI — Standard AEI) Aetual AEI » Energy Saoingt Factor 

3. ENTER THE TOTAL ANNUAL ENERGY COST FROM WORKSHEET 1 BELOW. 

A. COMPUTE THE POTENTIAL ANNUAL SAVINGS. j '• ^ 

( —) X (■ ) i 

(AmuaL Erjfirgy Coat}.X CBntrgy'ScByvtgt taatar) Potential Amial Saving* 
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MUNICIPAL. BOIUllNG ENERGY SAVINGS WTENTIAL ' ' 

HllNmLITYi 

FiSCALyEARj; 

DEPARTHENTAL SUB-TOTALS. 



DEPARTHENT 


BUILDING NAME 


ANNUAL MBTU'S 
CONSUHEDl 


SAVINGS 
FACT0R2 


ANNUAL. 
ENERGY 
JOST^ 


POTENTIAL 
SAVHI55* 


TOTAL . 

ENERGY 

COST 


TOTAL 

POTENTIAL 

SAVINGS 


AVERAGE, 
SAVINGS/ 
BUILDING 


1 








$ 




$ 

; 


$ 

A 






















! 
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GENERAL PRINCIPLES AND THE MOST EFFECTIVE PRACTICES- 
FOR SAVING ENERGY IN MUNICIPAL BUILDINGS 



A bviilding aiadijt or evaluation of the energy savings potential of a 
given building is likely to identify a "Icirge nuniber of possible 
measures that might be in^Jlemented. . Some of these will have \^ 
" ' relatively greater effect than others. The intent of this section is 
' to convey to supervisory and operating personnel who may not have 

extensive technical training a conceptual understanding of the reasons 
" selected conservation measures were found to be particularly effective 
in municipal biaildings. 

To meet this need, this section begins with a brief illustrated 
discTJSsion of the -basic principles of how energy is used in buxldings- 
' ' These principles provide- a framework for discussing eighteen specific 
• -conservation measures that are particularly aippropriate to municipal 

buildings/ Each measxire is analyzed in tejnns o£ how it works and an 
estimate -of the relative savings and costs that might be eacpected is 
- made. Tq,, provide a more'^concrete^context for the discussion, examples 
iof the aK^ication of measures in new schools and old schools are * 
"^ed. These should be vmderstood as examples that apply to two 
general building types, older brick and mortar construction and newer 
]^»^?dianically ventilated buildings, not to schools alone. 

kt the close of-, the discussion, these measuresVare listed by the type 
of mtanicipal . building in vdiich they are . most likely to "be effective. 

General Principles that Determine the Demand for Heating in 
Mtanicipal Buildings \ — \ — 

Tr an smi s s ion . ' ^ 

Whenever a difference in air temperat\ire exists between a bxiilding 
interior and the outdoor climate, energy is transmitted by the ^> 
materials in the walls, floor, " and roof from the warmer to the colder 
environment through a continuous and irreversible process. OSiis 
process is referred to a^ heat transmission. During the heating 
seateon, when the interior of a building must "be substantially. wanner 
thaS the cold outdoor air, the energy transmitted out of the building 
mustA be replaced by heating energy* si^plied by the consun^tion o^ , 
fossil fuel or electrical energy. 

^ . - . \. ^ - 
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. Infiltration 

Another process through which energy, loss occurs involves the intro- 
duction of cold outside air into interior space, forcing the warm air 
oilt of the bTiilding and lowering the indoor tenperature. The effect . . 
of this process is similar to that of adding ice cubes to a pan of 
water being heated to a boil. The cooling effect -of the ice lengthens 
the boiling process and consumes much more energy than would have been 
required to boil the water without. the addition of ice cubes. 

In a building, cold outside air' is introduced to the interior in three 
ways: . > 

1. Structural Infiltration: Air seeps through unavoidable cracks 
ciround windows, door^s-, and in the structure of the building; 

2. Opened Doors and Windows: Whenever a door or window is Opened^ 

a large volume of cold air flows into the building; and 

. 

3. Forced Ventilation: In certain types of buildings, health 

codes require that outdoor air be introduced into the inter4.or ^ 

at a fixed rate. .In these buildings,, outdoor air is drawn in 

by a mechsmical ventilating system that must operate whenever 

the b^Iildings are, fully occupied-. • ; 

System Inefficiencies , . • 

The last major process of heat loss involves the combustion of > fossil 

fuel in the building, heating system. For buildings with oil or gas 

heatisg systems, fossil fuel is burned in the presence of oxygen, 

releasing heat dn the form of hot gases i These gases -flow tbxough. \ 

some type of heat exchanger, which captures the largest portion. of the -'/y^ 

heat content of the gases for circulation within the building. The ^ 

residual heat in the gases -flows \S9 a stack and is exhausted. - 

The combustion gases that are exhausted have teii5)eratures in excess of 
500 degrees, and between a quarter and a third of the energy contained - 
in the original fuel is . lost. This heat loss is -germed, -Uie jS^tacJr 
loss. At peak" efficiency (seasonal ef f icieijcy) ', a gas or^il burner 
can only deliver approximately 75%- of the energy contained in the fuel 
to the building in the form of \isable heat. ' 'If "the^^^^^ 7 
sized or the burners are improperly ad j listed, the actual, efficiency ^ 
can be much lower. " . 

In an all-electric building, the heating, efficiency can b^jjjj^ high as 
100%. This is to say that all of the energy delivered to the bui luring 
may be converted to usable heat. However, the generation of ele^^tri- 
city is in itself subject to the inefficiencies of fossil fuel ^ 
comb\istion. Under the best conditions, three barrels of oil are 
required to generate an amount of electricity which has an energy * 
value egui valient of. one barrel of oil. The heat content frqm two of 
every, three barrels of oil is lost at the generating plant. . ^ ' 

Since the price of electricity reflects the costs of the oil consumed 
in generation, the equivalent "stack losses" of an all^electric 
building exceed 65% of the available "fossil fuel energy. < If the 
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original fossil fiael consimption is"^ cojisidered, rather than the. 
eleetricity by-product, an all-electric school has a "coinbiistion- 
efficiency" of 35% at best. This compares with a peak seasonal 
combTi&tion-ef ficiency of 75% for- a gas or oil heating system. 

The effects of heat transmissioA, infiltration/ventilation, and , 
combtistion stack losses are additive and, when comlDined, represent 
most of the total heat losses of a building. ^ ^ . , ■ 

Internal Heat Gains 

Aside from the heat supplied by the cbmbustion of fossil fuels, 
buildings gain some heat from other sources. The occupants of a 
building add a suirprising amount of heat to the interior space, .An ■ 
inactive, seated adult adds 450 BTU/hour to the s\irro\mding environ- 
ment. At this rate, the heat sij^Splied by 222 seated adults in an 
hour is equivalent to the heat that would be supplied by 1 gallon of 
oil at 70% efficiency. * > 

In schools with a large student population, the demand, for oil during 
occupied periods is significantly reduced by the heat st^plied by the 
\^ occt??ants • On the other hand, when these biiildings are not fully - : 
" occr^ied the demands upon the heating system are greater. " / 

The lights and electrical equipment in a building also contribute heat 
to the interior space, since all of the electrical energy consumed by 
these devices: is eventually emitted as heat. In' new buildings, the 
lighting system usxially consumes in the range of 2 to 4 watts/square 
foot.^ This translates to a heat gain of -7 to 14 BTU's per square foot 
per hour, which in a 60,000 square foot school is the ec^ivalent to • 
the heat sij^^plied fi;om 4:2 to 8.4 gallons of oil per hour. 

The third iir5>ortant source of heat gain is the sun. During a simny 
day, solar gains' may reach a peak equivalent to 3.5 gallons of oil 
per hoiir, although the average hourly ^contribution is closer to one 
gallon per ho\ir. . ' ^ < 

The magnitude of the ■ solar gains in .a building deptods upon building 
orientation,' the amount of window area, and of course the availability 
of simlight. It should be noted, however ,vthat\in the evenings heat 
-loss through windows is substantial and.may...in fact exceed t±e solar 
gains made during' the day. It is important that this trade-off be 
remembered, especially when a building is designed. ' ^ 

The Energy Balance ^ - ' 

Ihe'rate at which energy is consumed to 'heat a building is governed 
directly by the rate of energy loss from the building. Iliis is the 
concept of the" "energy balance," which may be expressed simply as 
follows: ■ • . 

Heat Required = Heat Lost " - _ 

To= illustrate the concept. Figures ,11-1- II-4 indicate schematically 
the components of the heat loss froin two school buildings under two 
different outdooc temperatures- Figures II-l and' ir- 3 represent a 
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FIGURE II-l 1956 SCHOOL AREA - 3^1, WO SQUARE FEET 



TEMPERATURE fiUTSIDEO^ 
TB1PERATURE INSIDE ZO^F 




.77 STACK LOSS . ^ 

5.08 FORCED VENTILATION 




3.02 INTERNAL GAINS 



15.9 OILIOWND . . .78 FLOOR 

NUtOERS REFER TO GALLONS OF OIL PER HOUR 




^ 1.91 WINDOWS 
M INFILTRATION 



FIGURE 1 1-2 1892 SCHOOL AREA - 16,000 SQUARE^fE^ 



IAS STACK LOSS 



TEMPERATURE OUTSIDE 0*f 
TEMPERATURE INSIDE 70V 




.55R00F 





.94 WINDOWS 



1.97 WALLS : 



1.09 INTERNAL 6AIN 

iiia^fom DEMAND 'ii2 floor ; 

NUMBERS REFER TO'^^ALLONS OF OIL PER HOUR 



.90 VENnLATION X 
AND:iN^IiJBATION 



FI6 




r3 1956 SCHOOL AREA - Jt|,UOO SQUARE FEET 

TEMPERATURE OUTSIDE "IjO^F 
TEMPERATURE INSIDE - 70^-F 
1,^19 STACK LOSS - 

' 2.18 FORCED VENTILATION . . 




I ,«r.onr, X .82 WINDOWS 

S'.O OIL DEFWID 3.02 INTERNAL GAIN .78 FLOOR ' V jj-pj^xRATlON 

NVWOERS RE^''" ~0 "A? I ONS OF OIL PER HOUR 



I, 

/ 



FIGURE 1892 SCHOO, 



.^rAa< LOSS 



-. AREA - 16,000 ^iJARE FEET 



TEMPERATURE OUTSIDE :- Wf. 
TEMPERATURE INSIDE - 70*f 




M WIIfi)OWS 
.85 WALLS 



38 VENTILATION 
AND INFILTRATION 



1.28 OIL-DEMAND : .i^-FLOOR 
1.09 INTERNAL 6AIN' '^'"T"' . 

NUMBERS REFER TO GALLONS OF OIL PER HOUR 



1 . / 
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typical post- 1945 school building with a student population of -600, 
vdiile Figures II-2 eind II-4 represent a typical pre- 1945 school with 
. 180 students. In Figures II-l and II-2, the heat losses from each 
building are shown for an indoor tempera txare of 70 degrees and an 
outdoor temperature^ of 0 degrees. The energy loss is expressed in 
terms of gallons of oil per hour. . * 

In Figure II-l it can be seen that; under the tempera txires shown, 8.68 
gallons of oil per hour are lost by heat transmission through walls/ 
windows/ roof, and floor^ 5.48 gallons per hour cire lost through 
forced ventilation and infiltration of outdoor ciir, and 4. 77 •gallons 
per hour are lost up the stack. In s\m, 18.93 gallons of oil are loist 
per hour lander the temperatures shown. 

Offsetting this loss are ,the 3.02 gallons per hour in heat released by 
the building occupants and the interior lighting cind the 15.91 "gallons ' 
of oil actually consumed (solar gain^^^^ire not included) . 

For the pre-1945 school under the same temperature coiKLitions (Figxire 
^11-2), 3.5B gallons per hour are lost through trcUismission, 0.90 
gallons per hour through ventilation and infiltration, and 1.45 
gallons per hour are lost lip the stack. The total heat lost per hour 
(5.93 gallons of oil) is offset by 1.Q9 gaj-lons per hour in internal 
gains and 4.84 actual gallons of oil. 

Since the buildings in the example are based on the typical scale of 
schools evaluated in the /ECP study, the building in Figure II-2 has 
only half the floor area", of the more modeim building in Figure II-l. 
While, these b'uildirigs are of typical size, it can be shown that a 
pre-1945 ^school as' shown in Figure II?r2, with al floor area 'equivalent 
to. that of the- modem school, would require 5.21 galldris of actuai oil - 
under the same teinperature conditions. - ^ '. \.. . . 

In Figures' ,ir-3. and II-4; the 'same: build%igs ar^ showp under a' milder 
outdoor temperature condition (40 degrees) . - Notice, the reduction in 

■ the demand^ for oil for each building. For the 1956 school (Figures- 
II-l and II-3);, only^ 5 gallons per hour are needed when the . outdoor 
temperature is 40 degrees, as opposed to the 15.9 gallons per h^ur 

'needed at 0 degrees.. In the .1892 school (Figxires II-2 and II-4) , the 
reduction is f rojn 4.84 to 1.28 gallons per hour.- * ^ . 

Most of the cpiT^onents of the hisat loss vary directly with the - . 
difference in -the interior and exterior temperatures { called"^ "5$^) • ^ 
Figures II-l and II-2 tlie. At is 70 degrees . (70s?- 0)'/ and in Figures 
II-3 and II-4 the At is 30 degrees (70- 40) . The internal heat gain 
does not vary with At, but depends instead upon the number of ^ 
occupants and the power consumed for lighting ,and equipment. Hhe 
transmission losses through the floor also remain about the same 
because the tenperature ofi^the earth remains fairly constant during 
the heating season. * ^ 

Effective Measures for Conserving Energy in Mmicipal Btiildxngs 

The majoi: opportunities for significantly reducing the energy consumpr 
tion of municipal buildings depend upon 5>rocedures that, reduce the 
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rate of heat loss from buildings during the heating season, (Energy 
conservation through reduced lighting is discussed separately.) More 
specifically, any measiire that ''reduces *heat transmission; reduces 
ventilation and infiltration; reduces heating system inefficiencies; 
or reduces the difference in indoor and outdoor tfemperatures will 
result in significant energy savings without sacrificing'^ the comfort 
or convenience of the building's occupants. 

It sho-cvld be remembered that a particular energy conservation meeisure - 
will have varying effects in different types of bviildings. The intent 
of this section is to suggest the potential savings of proven measures 
for the types of building where they are likely to have the greatest 
impact. Furthermore, not all measxjures have an additive effect on the 
total energy consuir^tion of a building. In the discussion of a 
measure, the savings opportunities described are for that one measure 
alone. ^e total savings fxom several measures may be 'less than the 
sum of each when considered separately. 

Measures that Reduce the Difference in Indoor and Outdoor 
Temperatures ■ - ■ ^ 

The magnitude of the difference between the air ten5>erature inside and 
outside a building directly affects the rate of fuel consxamption. 

A comparison between Figures II-l and II-3, or between Figures II-2 and 
II-4, demonstrates this effect. These figures show that by reducing 
the ten^rature difference from s70 to 30 degrees the hourly energy 
consumption . is reduced by two- thirds * in one building and by three- 
quarters in the. other- 
While -this example concerns a change in outdoor temperatures, a qhange 
of the same magnitude in indoor tenperature^ would have the same 
effect on- the consumption of oil- 

If the outdoor temper'ature is a constant O degrees and the indoor 
temperattire is lowered 40 degrees (from 70 to 30 degrees) ^ the 
resulting reduction in the energy demand is exactly the same as that 
shown in the example. While 30- degrees is not a practical indoor 
temperature settihg — even during unoccupied periods — a more modest 
reduction is practical/ A temperatiire set-back to 55 degrees during 
tmoccupied periods would save 4.1 gallons of oil per hour in the 
school ^shown in Figiire II-l (at 0 degrees blutside) . 

The important principle to remember is this: It is not the indoor 
or outdoor temperatxire alone that determines the rate of fuel 
consimiption, but rather the difference in those .teit5)eratures . Hhe 
greater the difference, the higher the^ rate X3f fuel consunption. 

• MEASURE 1: Reduce the indoor h^mpe^idi^ure to 55 degrees 
' during unoccupied periods {night and weekend set-hack) . / 

Guidelines for Implementing tJ^e^^^asure": 

Night set-back requires that either an assigned person . 
(the building operator) or an automatic timing^ device turn 
down the thermostats every, afternoon to 55 degrees and 



turn them back up early in the mofriing. The actual tjjne 
of day for altering the settings will depend upon "fee 
season and the severity of the weather on paxticxilar days. 
TSie operator should proceed on a trial and error basis to 
determine how long it takes for the building to heat up in 
the rooming and cool off in the afternoon, ' /. 

Once a "feel" for these time lags is established/ the 
operator should aim to have the building reach 68 degrees 
about 30^ minutes after the occupants arrive and should 
probably set back the teitiperature 30 minutes to an hour 
prior to the closing of the building. 

In newer bxiildings (parti cxilarly schools), time clocks are 
of ten provided that automatically control night set-back. 
The operators only have to choose the proper settings for 
. set-back to oocur, . . 

Potential Annxaal Savings: 

Hie level of savings depends - T5)on the bxiil ding , construc- 
tion/ the nimber of degrees that thermostats are. set back, 
and the number of hours that set^bapk is maintained. : 
However, savings of 35 to 50% of the annual heating energy 
aire possible in some buildings.--^" ' 

Implementation Cost 

In most cases, this measure has no iit^jlementation. cost. 

MEASURE 2: Reduce Indoor temperature during- occupied periods to 
65 « F during the heating season* 

. Guidelines for Implementation: . 

■ • \. * ' - 



An indoor temper :.t\ire of 65** F is .adequate for the 
physical comfort of most people- Others will find it 
necessary to dress more warmly. 




For this measure to succeed, thermostatic temperatures 
must be monitored carefxilly to ensure that a setting o: 
65® F is maintained. " _ ~ - . / 



potential Anniaal Savings: 




None, 



MEASURE 3: Install adequate thermostatic controls on hating 
systems. , > 



Guidelines for Implementation: 



Some of^the older municipal buildings Wciste energy because 
they lack* adequate controls for the heating system. Often 
• a town hall or old school, will have only one thermostat 
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per floOT, resulting in an over- or urider-sxipply of heating 
in rooms that are more removed from the location of the 
thermostat. -Although one might postxilate that these 
extremes tend to cancel each other so that the total ^ 
energy consumption is mchanged, this is* rarely the case. 

In fact, the thermostats are more likely to be set high f 
enough to keep the cold rooms comfortable. Uien, as the 
overheated rooms become even hotter^ the. occupants often 
open windows to balance the excessive heating. Thus heat 
energy is literally pumped out of the open windows. 
Buildings should be equipped with additional thermostats • 
whenever the existing controls are unable to maintciin 
near-constant temperatures throughout the heating zones 
they are designed to monitor. At a minimum,, every floor 
should have a separate thermostat; ideally, every room 
should have a thermostat. 

Potential Savings: - 

Cost/benefit studies of this measure were conducted by 
R. G. Vanderweil Engineers, Inc. in two older schools in 
the ECP Demonstration (Studies 1 and 2) . Ihese studies 
show that the potential savings depend upon the number of 
rooms that are normally overheated and the number of 
degrees the teinperature is maintained in excess of the 
thermostatic setting- Hie higher At's in the se" areas 
resiilt in higher rates of heat loss to the outside, 
pavings of 14% are possible in some buildings. 

Implementation Cost: . 

Otie cost of this measure includes the installation of 

thermostats and additional valves in the heating system. 

In the ECP Demonstration studies, these costs were 

returned in energy savings within 1-3 years. 

- Measures that' Reduce Heating System Inefficiencies 

^The production-^ of iisable heat for btoildings from the combustion of a ^ 
fossil fuel is subject to-" substantial losses in efficiency. On an 
annual basis, the usable heat produced by a heating system is at most 
around 75% of the total heat value of the fuel that is consumed. 

A properly adjus'ted boiler operates most efficiently when t^e total^ 
hourly heat loss of the building is near the maximum output of the 
system. This condition is referred to as the "full load" of the 
bxjrner-boiler. At full load, the heating system can convert up to 
90% of the energy- of the' fuel into xisable heat. However, fxill loading 
only occurs during 2% of the heating season. , ■ , . ^; 

When the demands on the heating system are significantly, less than its 
capacity, '^the 'system operates more and more sporadically, and as a. 
result its efficiency * falls. During -90% of the heating Reason the 
typical burner-boiler operates, less than 14 hours a day atnd utilizes > 
as little as 65% of the available energy in the fuel.; Of course, if 
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the burners are iinproperly adjusted and maintained — as they are in 
many cases — even greater amounts of energy a;re wasted, 

• MEASURE 4: Measure the bumer-boller efficiejicy and adjust to 
achieve maximum efficiency m 

^ Guidelines for Iinplementation: 

It is a relatively simple process to measxire the instan- 
taneous burner-boiler efficiency. Generally, the oil 
supplier will make the meaisurements an^the necessary 
adjustment, although local personnel/can be trained to 
-perform these tasks. Measurements shoxild be made at least 
once per year in each building. 

Potential Annual Savings: 

Any improvement in the seasonal efficiency of a. heat 
* system will result iiv a proportionate reduction in energy 

consunptipn. A 7% improvement in seasonal efficiency will 
save at least 7% in anniaal fuel consumption. 

\ Iit?3lementation Cost: 



Oil sv^spliers generally provide this service- at no cost. 
If not, the cost should be less than $50 per building. 

MEASURE 5: For buildings used in the sx2mmer, install a separate 
domestic hot water heater^ 

Guidelines for Implementations ... 

In a number of fire stations and in a few schools in 
Massachx2setts,- j;t is not uncommon to find the heating 
system operating during the sxrnmer months to provide 
domestic hot water. Hie demand for domestic hot water is 
fairly constant year-round (in buildings with year-round 
occupancy), but is only a small' proportion of the full 
output of the heating system in the siamner. Because the 
heating system must siipply only a fraction of its maximvmi 
output, its efficiency is quite low. A separate small 
domestic hot water heater should be instail^sd and the^^ 
largerjiieating systeni should be completely shut down, ; 
during the summer. 

Potential Savings: 

Hhe potential savings in a typical fire* station for this 
measure were estimated at $96/year by R. G. Vanderweil 
• Engineers, Inc. (Refer to Study 3.) 

Implementation Cost: 

The cost of a separate hot water heattfP in the same fire 
station was estimated W $240, leading to a payback period 
of 2*5 years. V - ^ 

MEASURE 6: Improve heating system efficiency by heat recovery 
from the boiler stack, -> . 



er|c ^ ^° 



Gxiidelines for Implementation? 

Even when the boiler-biimer of a building heating system 
is adjusted to peak efficiency^ at least 25% of the 
heating value of the • fuel consianed annually is lost up the 
stack. Some of this waste heat can be saved through the 
use of a heat recovery device. R. G. Vanderweil Engineers ^ 
Inc. studied two applications of a system for heat 
, recovery from boiler stacks in ECM DeiSionstration municipa- 
lities. , " 

These applications involved the use of a piping system 
rxanning between the inside of .the boiler stack and the 
water tank portion of the boiler. Water is circulated 
through this piping and is heated by the exhausted flue 
gases. This hot water transfers heat to the boiler water, 
preheating it so that less energy is required from the 
burning of fuel to maintain the required boiler water 
temperature. ^ ^ 

Potential Annual Savings: 

^ The estimated savings from this type of heat recovery 
. system for two Massachxasetts schools are detailed by 
vanderweil Engineers in cost/benefit studies (Studies 4 
and 5) . Generally, annual savings of 8 - 9% of the heating 
energy cart be expected in many buildings'. 

. Implementation Costs: 

The costs o£ these systems vary with each ^building , since 
they mu^t be tailored to fit into existing heating 
systems. The costs in the two demonstration applications 
r are analyzed in the studies. 

MEASURE 7: ' Improve heating system efficiency by heat recovery 

from exhausted air. 

Guidelines for Iinplementation: 

In many buildings or sections of buildings (especially new 
schools) , a sx±>stantial amoxint of heat is exhausted from 
the building by the ventilation system.. Under certain 
conditions /part of this heat can be saved >y a heat 
recovery device called a "thermal wheel.'* The thermal 
wheel rotates slowly thro ughv an exhaust duct and an- 
adjacent supply duct. The vAieel allows ealch air stream to 
flow through its surface much like, a breeze passes through 
^ a screen. The wheel is warmed by the exhaust air stream 
and, as it rotates, it trans^rs heat into the cold incom- 
ing supply air. Since the Hfcjly air is warmed several 
degrees by the thermal wheel, less energy, is needed to 
heat it up to room temperature. 

The feasibility of a thermal wheel is governed by the 
ventilation rate and the layout of the supply and exhaust 
air ducts in the building. One area that is often parti- 
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cul2urly sxiited for a thermal wHeel is an indoor swimming 
pool, where the ventilation rate^and -the indoor air 
temperature are xaaually qtiite high. This psurticular 
application Was studied by. R* G/Vanderweil for the indoor 
pool of a high school in one .of the demonstration munici- 
palities. 

Potential S^^vings : 

Generally, where the installation of thermeLL wheels is 
practical, 60% to 80% of the heat in the exhaust air can 
be recovered by the vAieel. See the Vanderweil study 
(Study 6) for a specific exauple. 

Implementation Cost: 

The costs of a thermal wheel installation depends upon the 
ventilation rate and the amount of ductwork alteration 
that is required. Excluding ductwork modifications, 
thermal wheels cost between $700 and $1,000 per thousand 
GFM (cubic feet per minute) of ventilation. (See the 
cost/benefit study for an analysis of "^a typical installa- 
tion.) 

MEASURE 8: Improve heating system efficiency by proper control 
of multiple boilers » 

Gxaidelines for Implementation: 

Many bvdldings have two or more boilers in their heating 
systems. Systems with two boilers are generally designed 
so that each boiler is sized to carry 66% of the 
building's peak heating demand. 'These peak demands occxir 
only on a few days each year, while during 90% of the 
heating season the actual demand for heat in a building 
is less thcin 60% of the peak. In other, words, either ^ne . 
of the two boilers could carry the entire' heating load of 
the building during 90% of the heating, season. 

A two-boiler heating system will operate most efficiently 
if only^ one boiler is used to supply the heating, except 
on the few days /vAen both boilers are needed, ohe second 
boiler should be held on stand-by and secured by closing 
valves and dampers.- 

Potential Savings : 

T^iis measxire was the sxabject of a cost/benefit study . 
during the ECP Demonstration. In this study the change- 
over .from a combined two-boiler system to a single boiler 
with stand-by showed an annual savings of 5% of the 
^ heating cost (see Study 7). 

In5>lementation' Cost: 

The cost of this measure consists of control modifications 
• and possibly some replumbing. In the ECP Demonstration, 
this measure had a rapid payback period of less than 2 
years. 
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Mecisures that Reduce Heat -Loss from Ventilation and 'Infiltration 

If a building cotild be sealed cLLr-tight except for the quantity of air . 
needed to allow for the combustion of its heating fuel, heat would be 
. lost from the building primarily by transmission through the exterior 
surfaces and directly up the stack due to combustion inef ficiency, ^ . 
The buildings in Figure II- 1 and II-*2 would have reductions in the 
demand for oil of 75% and 33% respectively if they were sealed in such 
a manner. \ 

It is neither possible nor desirable, however, to have air-ti|ght 
buildings. Some fresh outdoor air is needed to' limit odors and to 
remove the excess moisture that .accumulates in the indoor air. 

Whenever there is wind, however slight, the air tends to "pile-x^" on 
the windward side of the building, creating a slic^ positive pressure 
on that side. On the ieeward si^de, the flow of air causes a negative 
press\ire. J 

Ihese opposing pressures creatf^^a slight* suction which draws the warm 
indoor air out and pulls cold outdoor air in. to replace -it through., 
each tiny crack ciround windows and doors* At higher wind speeds, the 
suction increases and a larger volme of cold air is draym into the 
biiilding. - 

Infiltration is a particular problem in fire stations and DPW garages. 
The overhead doors that are common in these buildings are especially 
leaky and allow a high rate of infiltration. When these doors are 
opened to aIlow~ the-passage of apparatus and equipment, a tremendous 
volume of cold air is introduced into the bxiilding. In fact, the rate 
of heat loss, through the open garage doors may exceed the maximum 
output of the heating system. If these doors remain open for wore 
than a few moments, the building will begin to waste -100% of its 
heating. . ; 

While the infiltration process provides -more than adequate ventilation 
for many buildings, in other, buildings, notably schools, additional 
ventilation ' is provided by a mechanical system. Duplicating natural., 
processes, these systems consume electrical energy to create a much 
greater suction for drawing in cold outside air. at fixed rates. 

It is worth remembering that, even though these ventilation rates are 
fixed, the amounts of energy consiomed to heat the outdoor air supplied 
at these rates is not. Recalling the new school in Figure H-l and 
II-3, at 40 degrees outside, 2.18 gallons of oil per hour are required 
to heat the outdoor air introduced by the ventilating system. At 0 
degrees, outside, even though the ventilation rate is unchanged, 5.08 
gallons of oil per hour are needed to keep i:^) with the colder air 
being supplied. 

• MEASURE 9: Shut down ventilation systems during unoccupied ^ ^ 
periods. 

Guidelines for Implementation: 

Whenever a building with mechanical ventilation is aanoccu- 
pied — overnight or on weekends — the ventilation system 
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should be conpletely shut dov^p. Often the ventilation 
system is controlled by the time clock tha-t regulates 
night set-back. Ideally the ventilation' system should 
have sep2u:ate or over-ride controls so that, for example, 
the temperature can be maintained during pustodial hours 
without ventilating the empty building. 

Potential Savings: 

If the ventilation system of a typical modem school is , 
allowed to run. uninterrupted 24 hours a day, seven days 
a week, the annual energy bill will-- be 30% higher than 
if the system, were shut down during those unoccupied 
periods. ^ 

Inplementation Cost: 

In most buildings, this measure will have ng associated 
implementation costs* In others, minor revisions in the 
control system may have some cost. 

MEASURE 10: Reduce Ventilation Rates Durdhg Occupied Petiods. 

. Guidelines 'for Implementation: ( , 

Many schools^ built since 1945 have me^anical ventilation 
. systems, tha^t ^Lx:e set to provide fresh air at; a rate 

siibstantiaTly higher than the 10 cfm/student now required. 
Unit ventilators — -a COTrnjonly" xased system for schools — are 
relatively easy to inspect and adjust, requiring approxi- 
mately, one mcui-hour per imit. 

If' night . set-back is to be used, ventilators should be 
completely closed to outdoor air during the pre-heating of 
-the bulling, then opened to the normauL setting. 

Potential Savings: 

Analyses of three schools in the "ECP Demonstration by the 
cons lilting engineering staff show that the annual savings 
from reducing ventilation rates to 10 cfm/student are 
between 3.7 and 5.2% of the total fuel consximption (see 
Studies 8, 9, and 10) . 

Ingplementation Cost: ' ' . ^ 

« "* ■ ' 

Costs are limited to labo^: required -to" adjust each mit 
vent. The consulting engineering staff estimated costs at 
$20 per imit vent or from $400 to $800 for an entire 
c^chool. It -is nbted in the analyses that the total cost 
of * adjusting* the unit vents in each school is recovered in 
eilergy savings within 2 years. 

MEASURE 11: Keep overhead doors closed in fire stations and 
DPW garages. 

for In^jlementation: 

stations- overhead doors sho^ild be closed immedi- 
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ately after the apparatus leaves the station. If no one 
rem2u.ns in the station during a response to an alarm, 
then automatic or radio- cx^n trolled door closers should 
be installed and used^ 

In m2dntenance facilities, overhead doors must be opened 
and closed quite often to move equipment in and out. , 
When these doors are not closed pronj^tly cftr at all, the 
heating system pumps most of its outp&t <4irectly to 'the-' 
outdoors. In the spring and fall when .oaltddor texi5>era- 
tures dcre above 45 degrees, the doors may remain open "all 
day, necessitating the continuous^ operation of the heating 
system. With the doors open, heat is simply punped out of 
the building. 

TO prevent this waste of energy, switches may be installed 
to shut down the heating system whenever the garage doors 
are open. If the doors are only opened briefly, the 
switches will have little if any noticeable effect. If 
the doors are left open, the switches will prevent the 
needless operation of the heating system. 

Potential Savings: V 

' V studies by R:.G-. Vanderweil. Engineers r"^nc. found that 
automatic door- closers in a typical fire station could 
save 25% of the annual heating * cost, while garage door 
switches for the heating -system of a DPW. garage would 
save 10% (see Studies 11 and 12) . 

Implementation Cost: 

Both studies showed payback periods of less than two 
years. 




Measures that Reduce Heat Transmission 
In schools and office buildings, 50 to 70% of the hourly^ heat loss can 
be attributed to heat transmission through windows, walls, floors, and 
roof. The magnitude of transmission Ics-es in an existing buildxng 
cannot be altered .significantly except i:v installing some type of 
insulating material in the structure. Although insulation requires a 
significant capital investment, the ror.ulting energy savxngs will 
often pay for trie investment after several winters. 
-The hourly ^d annual transmission losses from two typical school 
buildings -are shown in Table II-l, expressed in gallons of heating . 
oil. In the table, the transmission losses from a modem school are 
compared with those of a pre-1945 facility and each are broken down 
to the major components of the building's structure. * , - 
If the roof and walls of these two schools were adequately insulated 
for the climate in Massachusetts and storm windows, were, added to all 
: windows, the hourly and annual heat losses due to transmission would 
be drastically reduced, as shown in Table II-2. ^ 

insulation and storm windows would reduce heat transmission by 50% 
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-TABLE II-l 



TRANSMISSION HEAT LOSSES . - 
FROM TWO TYPICAL (UNINSULATED). SCHOOL BUILDINGS* / ^ 
■ (IN GALLONS OF HEATING OIL) 



Building 
Cong>onent 

Roof 
Walls 
Windows 
Floor 

Total: 



Hourly Heat Loss (At =70*^) 
New School Old School 



Annual Heat Loss 



3.7 gallons 
2.3 gallons 
2. 3 gallons 
0.8 gallons 



0*6 gallons 
2-0 gallons 
0.9 gallons 
0-1 gallons 



New School 

7,600 gals- 
4,700 gals- 
, 3y^00' gals- 
4,500 gals. 



8,7 c^allons 3-6 gallons 20.700 gals. 



♦Based tqpon buildings shown^ in Figtares II-l- II-4 



TABLE 1 1 -2 



TRANSMISSION HEAT LOSSES - 
FROM TWO TYPICAL SCHOOL BUILDINGS 
INSULATED Wi;EH STORM WINDOWS 
(IN GALLONS OF HEATING OIL) 



Old' School^ 

1,000 gals. 
3,700 gals. 
'1,700 gals: 
700 gals. 



Building 
Conponent 

Roof 
Walls 
Windows 
Floors 

Total: 



Hourly Heat Loss (At= 70*^) 
New School Old School 



Annual Heat Loss 



1. 4 gallons 
0.5 gallons 
1.0 gallons 
0.8 gallons 



0.2 gallons 
0.3 gallons 
0.5 gallons 
0.1 gallons 



New School Old School 



3.7 gallons 1>1 gallons 



2,700' gals. 

900 gals. 
^2,100 gals. 
4^500 gals. 

10.200 gals a 



430 gals. 
600 gals. 
940 gals. 
700 gals . 



b ( 
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annually in the new school and by 62% in the pre-1945 school. At , 
current oil prices and consumption efficiencies, the annual energy 
savings would be around $6,000' in the new building anA $2,500 m the 
Pld. 

However, it is not always practical or desirable to insulate a 
building completely or install storm windows on all windows. The 
potential energy savings must be weighed in relation to the cost of^ 
the installation in a particular building. A number of cost/benefit . 
studies related to insulation and storm window installation were 
performed by R. G. Vanderweil Engineers, Inc.' in the ECP Demonstration. 
• MEASURE 12: Install roof insulation to reduce heat' . 
transmission. 
„ ' Guidelines for Implementation: 

The feasibility of installing roof insulation is deter- 
mined primarily by the construction of the roof. The cost 
of insulating a roof varies widely fr^m around 20* per 
square foot in a pitched-roof building V|th an accessible 
attic to 90<: per square foot in a flat-roofed building 
• where insulation must either be sprayed on from below or' ^ 
■ placed on the surface of the existing roof. In |the 

latter case, a new roof must be^-installed on t^ sxarface 
: of the rigid insulation. ^-Jfa building is slafe'd for . , 

re-roofing from' normal- wear and 'tear, it is much more ^ - 
economical to; insulate the roof at the same ^time.. 
■ In general,. ASHRAE Standard 90-75 re coramerxd& an insula ted' 
' roof U- Value of 0^08,: although the optima],. amount of .. 

insulation required in a particular building should be 
determined by a cost/benefit study. 

Potential Savings : 

Studies by .-fihe consulting engineering staff in' the ^ICP _ 
Demonstration (see Studies 13-18) indicate that insulating 
, roofs 'to the ASHRAE 's-tandard will save between 0.14 and 
0-,04 galloas-of oil per square foot of- roof per year, 
depending upon the insulating value of the existing roof. 
At current oil prices, savings of 2<: to e-J per square foot 
per year- are possible. In a 40,000 square fgot school, 
this represents between $800 and $2,400 saved annually at 
current oil pirices, and as oil prices rise, so^ill the- 
annual savings. . ~^ 

In^ilementation Cost: 

Conservative estimates by the consulting engineering staff, 
place the current- cost of roof insulation between 20f and 
90* per square foot of roof. Municipalities may find 
4 substantial discounts, however, through bulk purchaS^ of 

labor and material for the^nsulation of several buil|ixngs 
at one time, or by utilizing^municipal labor m the y • 
installations. - -, ^ 
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0 ^'MEASURE 13: 'ins^kll wall Insulation to , reduce hea'^ * - 

. . trknsmlssidn . . - • : . 

" * . ■ . • ■ i ■ ' • ■• ' \ ■ ■ . 

Guidelines for loplementation: 

In most cases, the insulation of walls requires ;stfcstaa- ; 
tial remodeling of the bxiilding. interior ^ tho 
exterior wallis of buildings are either coBple<^ly solid 
•5 or have inaccessible "cavities within^ ihisiilating materials 
must be applied on the interior surface' of the. walls. 
(Some types of insulation may be applied tp the exterior . 
^ "wfell surface as well.) . Uiis usually involves new studs ^ 
' ' insulation, new drywal ling (plastering)^ and repainting. 

In many structure"s, wall insulation, is a. sound, -practical 
^inyes■b^ent'. 
Potentiai t Savings : r - ■ 

• In the \cP Demonstration, cost/benefit studies ^of the' 
installation of wall insulatiorf in, two pre- 1945 schools 
were • conducted by the consulting en^gir?ee ring staff, ^ey 
determined that insulation of the existing brick walls to 
ASHRAE standards *(U-Valxie«^of 0.08) would save 0.4 gallons 
of oil p'er square foot of wall per year. Or 16<? per square 
foot at current oil, prices (see Studies^ 19 and 20). 

.The two, schools have floor areas' of 16,000 square feet and 
17,000 square feet, with corresponding, wall areas 
(excluding windows) of 8,400 square feet -and 11,900 sqiaare 
feet. At current oil prices, the annual savings due to - 
the wall insulation would be $1,340 and $1^900, ^ 
. respectively. ,^ ^ . 

Iinplementation cost: ^ ..^ ' < , 

The- total cost of " insxiLating these 'two buildings was / 
: 'estimated/ to* be $1. 12 per ^square foot of wall, including^( 
the costs of installing drywalling, drywall finishing, 
carpentry, cm d painting. Hie breakdqvfn^of these costs is 
- ' presented in the cost/benefit studies. As witii^ the 

preceding meas€re, the, actual costs may be reduced through 
. . bulk pxirchasiJig %nd-the. use of municipal labor. _ 

MEASURE 14: Install storm windows to reduce heat transmission 
and infiltration* - . 

" Guidelines for Inrplementation: 

• The windows of -'buildings transmit much more energy per 
square foot othan any other coitponent of a building. For 
example, a sijuare foot of window (single pane) transmits 
^ 14 times as much heat per :minute as a square foot of 
insulated wall (U-Value of 0.08). (Iliis is one reason why 
ail-glass buildings consume so much energy.) 9^ 

In municipal buildings, the installation of storm windows . 
> will reduce the rate of heat tran^niission through windows 
^ by almost one-half (46%0 . An additional beiifefit'of storm. 



-windows Is a reduction of- infiltration of outside aar.^ 'r 
Storm windows reduce , th^ normal infiltration .through 
.cracks around^ the sash by as. much as one-half* \i . . V 

Potential Savings: 

The cor^sirLting engineering staff studied storm window ' 
installations in a school, a town h^ll, and a fire station 
(see Studies 21, 22, and 23). Hiese studies reveal that 
the storm windows would save 0. 74* gallons^to 0.86 gallons 
■ of > oil per square -foot of window area per year. a5ii^ 

represents-.- an annual savings of 1,360 gallons of oil in 
• the school, 350 gallons in the fire station, and 530 in 
the town hall. ^ 

Iii:5>lementation Cost: 

Tiie cost of storm windows varies between. $1.71 amd $3.00 
per square foot, according to the engineering studies - 
Th^se differentials reflect the fact that ceartain windows 
- may be fitted with standardized storm windows, while _ 
other's require ore costly ciostom fitting. 

MEASURE 15: Reduce heat trahs^sslon from windows bi^ irista^llin^ 



window insulation or reducing window are^,. 
Guidelines for Implementation: 



Mr"< 
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As alternatives to storm windows, heat loss -mfough 
windows can be reduced, either by installing a plastic 
bubble-type insxiLation on portions of winliows ■ or by 
covering or replacing windows with-better insulated ; 
- materials. These two alternatives are particularly suit- 
able in buildings where the percentage of windows in the 
^ exterior walls is large' enough that some of the windows 
- in each, room (perhaps the i^per half) can be covered or- 
blocked without adversely affecting the- use of ; the 
interior space.^. /(The plastic bubble is lir'anslucent to 
natural light, while the second alternative is 'completely 
opaque.) In \the ECP Demonstration, engineering studies 
^J^ere made of (instaj-ling^ plasti'c Bubblte insulation on the 
upper hai^ of all windows in 'a pre- 1945 school . (Study 24) , 
and of eliminating windows €rom. the apparatus- floor of a 
fire station (Study 25). - ^ 

Potential 'Savings: '/ - 

e plastic bubble insxilation redj;fces' heat transmission . 
.rough wind9ws. by a bit more th^ half and will ^save 
lOUt 0.48 gallons' of oil. per square, foot of inflated 
window per year. Replacing windows completely with . ^ ' 
insulated wall saves 1.73 gallons of oil" per sguajre foot 
of replaced window." At current oil prices, the bubble 
insulation saves 19^ per year per square foot, and the 
elimination of windows saves -70* per square foot.' 
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In5>leia!Bntation Gost:. . ... 

jConservative- cost estimates in the ECP- Dempnstration show 
* that the bpbble^type' windoyr insail^tioh costs about 86 <J ^ 

per square foot- Bt4 estimated cost of ^replacing' -w 
with , an insulated wall is about $3-50 per square^ foot. 
., Again r costs may be lo^er due to bulk purchase and through 
* tSfe use of mimicipai labor. . - / ^ . * 

Measures that Reduce the Consunption of Electricity . ; 

Measures that reduce the consuraption of electricity . in buildings " 
produce a substantial .payoff due to the relatively highy cost of ;. : 
electrical energy." 

Except in the case of electrically heated buildings, most of the 
electricity ^'consuoned annually in municipal buildings is used by . ^ 
lifting systems. ' Uie annual -costs of lighting vary between ^ $0.15 • 
and $0.70 per square foot of building area per year. Figure 11^5 
dfe tails the annual costs" of lighting a 22* x 30' classroom using six 
alternative lifting systems-. Each of these systems is common, and 
all provide- more than adequate lighting. 

The wattage of the li^ts in the six systems varies substantially — 
from 2.0 watts per square foot for System B up to 9-09 watts per 
square foot for System A- ^ 

Such variations in the amount of energy consumed to provide a fixed 
lighting requirement can only, be accoianted for by the following 
explanations : . . * 

Inefficient fixtures are Used to deliver lighting to the rooms. 
Incandescent lights . (System A) reqxiire 55 to 70 watits to deliver 
1/(500 lumens of light., .Fluorescent lighl^s (Systems B-F) consume 
oiSily 12 *20 watts to. produce the same atoount of .lig^t- 
Ovex-illLzminatidn from an excessive number of^lightiiig fixtures 
cai double - the power requirements of a lighting system. System 
E draws 4.0 watts per square foot and produces more light ifhan is 
required, while System B needs only 2.0 watts per square^ foot. 

Bie annual costs shown in Figure II-5 assume that the ligHl^ii^g^. system 
operates 9 hojirs per day and. 170 days per year. If rooms axe also 
used in the evenings or during- the summer^ khe annual, eive^gy xosts of 
each system woxild be s\abstantdally higher* ^ The, high cost of lighting 
can be re,duced significantly by the following strategies: 

\ Reduce burning tlmel When lights are not.-need^, shut them off. 

Reduce 'lllUklnatlon levels- Wasteful lighticg systems can be 
i m proved by removing some lamps and disconni§trting ballasts- 

Jnstall a more efficient system to supply lighting to. task arteas^ 

• MEASURE 16: Reduce the burning hours of lighting systems. 

Guidelines for Implementation: ^ 

Shutting off lighting' systems in all areas whenever 
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TOTAL LAMP 
WATTAGE/ROOM 



TOTAL . 



^ANNUAL 
ENERGY 
COST** 



500 watts/lamp 
1 lanrp/f Ixtuf e 
12 flxtures/rm. 

6000 watts/rm. 



40 watts/lamp 
2, lamps/fixture 
14 fixtures/rm.^ 

^120 watts/rm. 



40 vatts/lainp 
2 iamps/fixture. 
21 fixtures /rm'. 

1680 watts/rm. 



6000 watts 



1316 watts 



40 watts/lamp 
.2 lamps /fixture 
25 fixtures /rm. 

200i) watts/rm; * 



40 watts /lamp 
4 lamps /fixture 
14 flxtures/rm. 

2240 watts/rm. 



75' Watts/lamp 
2 lamps /fixture 
9 £ixtures/rm. 

1350 watts/rm. 



197A watts 



2350 watts 



2632 watts 



1602 watts 



$^160. 00 



$100; 00 



$iso.oo 



$130.00 



$200.00 



$120 . 00 



ENERGY 

COST PER ^ 
SQ. FOOT** ^ 

$0.70 



$0,15 



$0.23 



$0.27 



$0.31 



$0:18 



Includes "power consumed by ballasts. 
**Based upon annual usage of 1460 hours; cost of electricity (§ $0.05 per KWH; 
room area 660 square feet. . - 
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- ; . :■ -/■ , .... 

•possible saves ;^ergy and money.. In little-used areas, 
such -as closets^ rest rooms / boiler rooms, and basements 
lights shoiild remain -of f when the rboms\ are not in use. 




/ 'in continuously bcci;5)ied areas , such as classrooms or 
, offices, daylight should be used to supplement the. 
\ lighting system/ .Existing switches should allow lights; 
adjacent to windows to be shut off dturing the -day. If 
not, modification of switching should be considered. 

Potential Savings:' - ' 
The use of daylight to provide some or all cf the lighting 
in occi5>ied room^ coul.d^reduce by a quarter to a third the 
electricity consumed for lig^iting. This would save . . 
between $50 and $150 per classroom.for . the systems shown 
^ in Figure 11-5^ and between 4<? and 23* per square foot of 
"building area, per year, in office bxiildings* - ; ^ : 

;Iii5)lementation Costs: ■ ' . . _ ■ ' > 

- Usually this measure has no cost except for. the effort 
^ ' required to remind people to shut off lighting, in some 
cases, switching modifications will be required to enable 
personnel to* take full advantage of natural light. 

MEASURE 17: Sedjace zUwninatian levels by using smaller lamps, 
or by removing l^ps and disconnecting ballasts. ■ ^ ■ 

' Guidelines for ln^slementation: ' ^ 

Lighting requiremen|:s are based vpon the visual tasks to 
. be performed in a specific area of a bxiilding. . 'A more.. 
' visually^ demanding task such as reading^ requires a bicker * 
.level 'oflliumination than would be needed to. see 
adequately in. a corridor or stairway. Published standards 
^ (lES Handbook, Fifth Edition) for illumination levels are 
expressed, in foot-candles.- N'otmal office work requires 
50 - 75 foot- candles, classrooms require '70-^ General 
illumination in of fice^ or schools requires 30 foot- 
candles, and corrid9rs or lobbies require- 15. 

>lany existing buildings have been 'designed to provide a 
-consistently high level of illumination in all areas. The 
designer's intention of ' providing maximimi . flexibility in 
the use of rooms, by providing all areas with enough light 
to meet the most difficult visual tasks, is offset by the 
high costs of energy.' required to operate the .system. 
In many areas, lajops may simply be removed from fixtures 
to reduce ligKf levels - to a reasonable minimum, in 
fluorescent installations, additional energy can be saved 
i^ the ballasts are disconnected as well. 

An important point to remember in lamp removal is- that the 
level of room lighting is not proportional to the number 
. of lamps in i:he room. ' Bor exairple, if half of the Jamj>s 
. "are removed 'from each ^ fixture in System- E* in Figure 11^5, 



t±te average level illumination - de creases by only 21% . 
In many catees/ modest reductions in illumination through 
delampihg will produce higher relative energy savings. 

Fotential-^ Savings: " ■ " ' , 

■ ■ . ■ '-v-r.. . ■ • • - '. . . 

The energy saved by delamping is proportional to the . 
number and wattage of lamps removed. Based upon annual 
- burning time of 1,530 hours for schools and 2 ,160 hoiars 
• for offices, the .annual savings per lamp removed are 
shown in Table TI-3. 



\ 



Inplementation Costs: 



Delan5>ing can xisually be acpon5)iished by local personnel, 
and] cos ts are limite d ' to. "the ir labor * An e le c tri cian may 
b^requi'red to disconnect'' ballasts, at some additional 

^' \^^ost':- *. ■ ^ • . . 

MEASURE /IB:, Instil a more efficient system to supply lighting 
to task areas*. J ■ : ^ ; ' * ~ / 

, 'Guidelines ipr. Implementatiojfi: , 

• ©le over^^ of a building's lighting system 

.(i.e./ .iisefui- light energy delivered to a task atrea versus 
% electrical energy consumed by- the lighting . system) is 
[ - governed- by three factors: 

_ . ' The amount of illumination produced by a lainp per mit 
of electricity consumed; 

■/The percentage of - the total lamp oul^iij: that is . 
' utilized to provide useful illumi nation for a visiial 
task (coefficient of utilization) ; and 

. The placement of lamps- in rela^on to the task areas. 

While these factors are inteVrelated, it is loseful to 
consider measures that logically correspond to each 
factor. 

a. - Lamp efficiency: Some -types of lamps- produce much 
^more light per watt of electricity than others, as 
shown in Table II- 4. 

in some bxoildings, it may make sense to replace the 
existing- lighting system v^ith more efficient laiaps 
and fixtures- In. schools and offices, the impact of 
converting to flxiorescent fixtures from incandescent 
is demonstrated in Figure II-5. The annual cost per 
. crlassroom is $460 for^ System A (incandescent).' and only 
$1P0 for System B (fluorescent) . - . 

- . In au^toriums and gymnasiums, it may pay to convert 
. to mercury yapor or metal-haiicle..,i^ps. 

A cost/benefit stttdy of converting the incandescent 
. .lighting of a school to a fluorescent system was mcide 
in the ECP D^nonstration by- r\ G. Vanderw (see Study 
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Lamp Rejaoved. . 

1—500 watt ' * 

incaiidescent lamp 

1— -40 watt 

' \. fiix>resc^nt lamp 

; 2— :46 watt 

fluorescent lamps ^ 

«f2— 40 'watt ' ' - ' 
- -flvioresceiit lamps 
. and ballasts . ' - 

2 — 96" fluorescent 
lamps and ballasts 



' TABLE 1 1-3. 



Anrnial KWH saved* , ' flnniaal Savings** 
School .Office School Q>ttt.z& 



765 kwh 1080 kwh $ 38.25 5 ^4 

- 61 kwh 86 kwh $ 3 ,00 ; ■ i , |i 30 

,122 kwh 173 kwh $ 6.12 $ . 8.64 

144 Icwh 203:kwft $ ^-7.19 $10.15 

272 kwh 385 kwh $.13.62 $19.2.2 



*iumual bining hours. 1,53a hours in schools , 2, l^ houfs in offices 
- **Savings based v^ion coat of electricity of 5«./kwh 



TABLE 1 1 -4 



Type of Lapp 



E f f i cacy * ( Ltnnens /W att ) 



Incandescent 
Tungsten Halogen 
Fluorescent 
Mercury Vapor n 
Metal-^^alide 
High-P^ressure Sodiiam 

■ \ 

♦Includes ballast losses 



14 - 18 
^ -*l^6-20 

. :. , 50 - 85 
40-70 
60-80 
90 - 100 
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26). 

b. Coefficient of utilization: Hhe. design and cirrange- ^ 
. ment of the lighting fixtures in a" room" arid- the. colors 
and reflectivity of the wails^ floor, and ceiling' 
determine how much of the light 'produced J^^rthe lamps 
actually reaches the task area. A' coef ficie&t--of , - 
utilization (CU) of .50 means that only^alf of the 
li^t sTflpplied by the lamps is useful in performing 
a vis.xial task— the remainder is absorbed'^by the fix- 
ture^ the wails, and the- ceiling be . - 
used. For fixtures mounted on or recessed into th^ 
surface of the ceiling^ oniyl^45| to 65% of the. light 
output/ actually xeaches the trksk area (based \jpoh. RCR 
of 2.. 1, high reflectivity of ceilings and walls) . Fo± 
suspended fixtures;' the utilization is about the same:, 
cis lon^ as the ceiling remains hi#ily ^reflective* r If 
the ceiling is' only 50% reflective,; only 35% to 45%\of 
.^the,laii5> output reaches thre task level . . ; • 

^ These effects^ should be taken into account when , a' 

lighting^. system is .converted. • ' . ' \ ■ 

' *c. Lamp placement: As the distance between the lar^ and 
the task is reduced by half, the required lajnp output 
is reduced by four tiroes. In other words, a 20-watt 
lanip two feet away from a task provides as^ much light 
as an 80-watt laicqp four feet away. The placement ^ of 
lamps in relation to task areas is difficult to anti- ' 
cipate when a building is designed. As a result, many 
* offices and schools are lit so that a- uniformly high 
level of light falls on all areas. While reductions 
can be made in the generea lighting level -iii existing 
systems by delan^ping, additional savings can be 
achieved by reducing the general light levels and 
providing supplemental light sources closer to the 
task surfaces. 

In three cost/benefit studies for the ECP Demons tr a- ' 
tion, R. G. Vanderweil examined the feasibility of 
substituting small table lamps for existing overhead 
lighting (see Studies 27,. 28, and 29). 

Potential Savings: 

a. A stu<^ by il. G. Vanderweil Engineers, Inc. of 

replacing incandescent lighting with fluorescent in a 
^ school building (Study 26) estimated that electrical 
consuinption would be reduced by 0.71 kwh per square ^ 
toot per year. 

b* Studies of task lighting by the consulting engineering 
staff in two school libraries and a town hall estimate 
that between 44% and 64% of the existing lighting 
energy coxild be saved by reducing overhead lighting by 
half" and xxsing small table lan5)S . 



Inplemeiitation Cost: _ ^ ^\ 

- ' Uie costs of 'inproving the efficiency of existing lighting 

systems are quite high, and should be investigated only 
after iii5>leinen ting Measures 15- 17, which have much higher 

■ returns. " ' , 

Review and Summary of Energy ^Conservation Measures Recommended for;. 

Municipal Bmldings . ' _ _ — ■ \ 

To assist the municipalities in conducting their own- audi t-programs , • 
the following- brief • discussion organizes the measures described in . 
the .preceding ,section according to -the type of municipal buildings 
in which they are most likely to apply r . .. 

While the descriptions of measures in the. text are organized- according 
to the principles of :energy conserva^tion, the following presentation 
is broken down. by no-cost vers.us capital-in^festment^measures. 

No-Cost Measures Classified b v Biiilding Type : , - 
From .the sixty audit reports submitted by. the consulting engineering 
staff in the demonstration cities and towns, the no-cosi: measures 
tecommended Wt often in mmicipal buildings are indicated in Figure 

II-6. , _ • . ' . . 

capital investment Measures Classified by Building Type . / - . 

■Also noted in the sixty audit reports are a number of" capital lAvest- 
nent measures worthy of further analysis due to their potentially 
high payback in. energy savings. Thirty cost/benefit ^^^^^f ^^J^^^^. 
conducted to .evaluate some of these investments, -^ese analyses are 

"included in this appendix. 

•She measures suggested in the audit reportk are summarized in. Figure 
II-7 by type of municipal building. Figure II-7 should not be 
construed" as recommending specific measures for particular ^^^^^J? ■ 
types, however. Such recommendations must follow a thorough evalua- 
tion of the- particular costs and savings associated with in5>lementing 
a measure in a specific bi^iding. * 
Figure II-7 should be interpreted only as a guide to help select 
•potential measures for fiirth^j: study. 

"... . " > ' - ■ 

. ■ - ...... .. ■ - • . 

-EVALUAtiNG mfeTI^NT DECi'SIO.NS . ON, BUI pi NG ..IMPROVEMENTS 



Investing in Improved Building Hardware . . ■ ) 

.Ener^ saving investments in building improvements^^hould be^.. _^. 
approached on thl basis that they will provide a return above . and 
beyond their implementation cost. ^. , .: 
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FIGUJIE 11^6 




MUNICIPAL" BUILDING TYPES 



RECOMMENDED NO-COST MEASURES 



1) Set back thermostats to 55^ 
during xmoccppied periods. 



2) 



Shutdown ventilation systoa 
dtaring •orioccapied periods > 
Z)y0hutdowix cooling system 
t during unocciipied periods^ 
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4) Reduce unnecess2u:y lighting 
by delagg>inq^ > 

5) "Reduce domestic hot water 
tegg>erature to 110 ^' 



^^).^tedube ventilation rates 
. dxaring occupied periods, , 

7) Measure and adjust burner/ 
boiler efficiency^ 

8) Calibrate thermostats and 
- other controls* . 



.9) Elimixiate reheat. in HVAC 
system (where applicable) * 

10) Disconnect ballasts when 
delainping, 

11) Reduce winter indoor- 
temperature to 68^ 



12) Increase sunnmer indoor 
temperature to 78^ > ^ 

13) Turn off unused lightfe. 



14) Use outdoor air for summer 



cooling* ^ 



15) Use blinds/6xirtains .to reduce 
solar heat gain in summer > 

16) Use natural, lighting when 
available*' ' 
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FIGURE I 1-7 



* MDNICIPAL BUILDING TYPES ' 



■ ■ 1 

CAPITAL INVESTMENT MEASURES 
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Reduce over-ventilation . ^ 
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Automatic door closers ' 














Boof insulation 














Wall insulation 
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Storm windows 
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WindbW^^nsulation/replaceiDent 


• 










• 


More efficient lighting system 
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Install task Lighting 
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•ihis discussion assumes that the local decision maker does not have a . 
technical backgit)xmd in financial analysis. It also assumes that 
in5)roveinents under consideration are analyzed l?y engineers who can 
provide the mamcg^ with the following information on^ a given iiaprovi- 
inent: ' / ^ . . . ' • 

1. The initial dollar cost of the improvement; 

2. Utie e:^cted annual energy savings in dollcirs that will result 
from inrolementation; and 

. '3. The e^^cted useful life of the improvement. . ^ 

Given these facts, a manager will want to know the point in time when 
the capital invested in this improvement can be recovered (i.e. , the 
number. of years to payback) , what risk^ ought to be considered in-this 
investment, decision, and how risks can be minimized. 

To make this determination, a manager "mxist first . establish his^oppor^ 
tunity or interiest cost for investing money This recognizes the 
notion that a .dd\Llar in hand^now is worth more than a dollar expected 
one year from now. A dollar in hand can be invested in a savings 
account at, say,. $ix percent interest, so that in one year it would 
be worth $1.06. This future amomt is the- real equivalent of a 
current dollar- In order to compare the worth of an expected futtire ^ 
stream of annual savings to the current dollar cost of an .investment7 
this future, stream is /'discounted" at a rate of interest equivalent 
to -what an- -alternative investment, of these current dollars would 
realize. Since these current dollars can jpresumably be invested in a 
savings account at, some interest, this interest rate may be taken as 
the opi?or tunity co&t of" investing these: dollars in building improve- 
vraents': ■ • * ; - : " . 

""Ihe first step in -sound decision-making in investments in building 
improvements is establishing a "discount rate." ^ ^ 




A second imyportant step^^ recognizing that fuel prices wjrl^l 
in the., future , with the^^%sult that-^th? expected stre'am '^f annxial 
-savings will groW in the f utiire . -Assuming constant energy prices and 
setting a. disco.unt rate/ a manager would reject an investment where 
the payback period'^exceeded th^e useful life of the improvement. Using 
the. same 'discount rate- but assiaming .that fuel prices will increase in., 
the futtare will yield a shorter g>ayback period. 

The -relationships discussed here- "are made explicit -in Table. 11-5^ .T$i^ 
table plots ' payback periods at a seven ' V^r cent discount rate for; * 
variolas rates of fuel price .■e'scalatibn, with, the ratio -of initial 
in-ve.stinent.cost^ to -annual savings specified in the left-hand column.^ 

."To illustrate the use of this\table, assume that ah ^improvement. ^ \ ■ 
costing $1,0Q0 will save $100 in energy costs anhualiy, and h^s a" ^ 
Aiseful life of 15 years.. The initial co^t to' annual^^saying^s xatib is 
10.. At constant fuel prices (i.e. , 0% fuel escalation) the payback ^ 
on this investment is 1.7.8 years, but if fuel prices increase at' the 
rate, of l0% annually^, this inflated:Stream of savings^ will- yield; a 
payback p-f 8.*^ years. . ; . '\ . ; • .. . ; " 
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TABLE I 1-5 



YEARS TO PAYBAOC AT 7 PERCENT ^DlSCOU^n RATS 
Rati o of • Fue 1 Prlc3 Escalation Rate 
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16 


30. 


25 ' 22. 


.27 


18, 
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10 % 



0.97. 
1^92' 
2.84 
3.74 
4.62 
5.48 
6.32 
7. 14 
7.94 
8.72 

9.49. 
10.24 
10.97 
11..70 
12.40 
13.10 
13.78. 
14.44 
15.10 
15.74 



Sinde yjnder' the'iissmsptLon of zero escalation in fuel cost the 17.8 ■ 

year payback exceeds the 15 year estimated useful life of the impro-ye- 

'4nent, a decision to reject the investment would be correct.- But^ . 
since fuel prices are certain to increase, this would be the wrong , 
decision. If they increase at 10%, the 8;. 7. year payback indicates : 
that not only will the cost be fully recovered/ but the investment 
will provide a positive cash flow for another 5.3 years. It is 

'in5)ortant to assume that energy prices' will rise at some rate m the 
futirce when analyzing investments Un building inprovements. • 
The third step in evaluating investments i? establishing- the accept- 

• able payback period for a given investment, liixs period should be 
somewhat sho;n:er than the useful- life of . the investment under 
consids-aticHi. In general, the shorter the payback period, the. lower - 
the riSk thit the initial investment cost will nog^ recovered, 
either bec^e fuel prices did not 'rise as rapidly as expected or . 

"because th^ inprovement did not last as long as expected. "By 
establishing a. payback period shorter than a useful life,., the manager 
also ensures- that the investment- will yield a return beyon<^ recovery 
of the initial cost of the investment. • - c - / 

Once -.the manager has established his payback period criterion, by 
deciding, for exaii?>le, that the capital cost of an investment with a 
useful life of 15 years should be recovecdd within a 9-year period, 
the payback tables can be used to determine if the actual payback on 
a given investment satisfies this 'criterion. In the^ case used above, 
the 9-year payback criterion would be satisfied by the investment, 
with an actual payback of . 8 . 7 years, assuming a 10% ^calation in the 
price of fuel. The tables on the following pages can be used m this 
Lnner to ma}ie financially sound investments - in building inprovements - 
TO use this method of analysis, the manager must have a6 engiJieer 
establish initial cost, annual savings, and expected lif«- 1^^. • 
manager -must establish his discount rate payback period and estimate 

^ rktd of fuel price increased "No one can make an accurate pointy , 
forecast of what this rate will be. A guess in the range of 4% tP 8% 
is quite reasonable, given past rates, of fuel price inflation. 



TABLE 1 1-6" 

YEARS TO PAYBACK AT 6 PERCENT DISCOUNT BATE 
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12.99 


18 


never 


■ 31.81 


22.31 


18.00 


15.39 


13.59 


19 


never 


35.53 ; 


23.87 


^ 19.00 


. 16.13 


14.18 


20 


■ never 


39.88 


25.49 


20.00 


. 16.86 . 


14.75 






TABLE 


1 1-7 









■ YEARS TO PAYBACK AT '8 PERCSHT DISCOCKT RATE 



Ilatio of 
Initial Cost to 
Plr«t YearipSaviggs 



Fuel' Price Escalation Sate 



0% 



2% 



4% 



6% 



8% 



10% 



1 

1 


i.oe 


1I06 


i.^04 


^ 1.02 


Jl.OO 


^.98 


2.' 


2.27 


2.19 


2.12 


2.06 


2.06 


1.95 


3 


3.57 


3.40 


3.25 


3.12. 


' 3.00 : 


' 2.89 


4 • 


5.01 


4w69 , 


4.43! 


4.20 


■4.00. 


^^:83 


5 


6.64 ; 


' 6.09' 


5.66 


' -5.30 


^5.00 


^74 


6 


8.50 


7.62 


6.95 


6.43 


• 6.00 


5.64 


7 


10.67 


9.28' 


8.31 


7.58 


7.60 


6.53 


8 


13.27 


ii.i3 


9. '74 


8.75 


s.ck) 


7.40 


9 


16.54 


13.19 


11.26^ 


9.96 


' 9.00' 


, 8.26 


10' 


20,91 


15.52 


12.86' 


11.19 


10.00. 


9.10 


11 


27.55 


18.22 


'a4:57 


i2.44 " 


11. 00 


9.94 


12 


41.82 


21.41- 


1^.40 


13.73 . 


12.00 


. 10.76 


13 


never 


25.31 


18. 37 


15.06 


13.00 


■11.56 


14 


never 


30.35 


20.49 » 


16:41 


14.00 


• 12.36 


15 


never 


. 37.44" 


22.79 


17.80 


' 15.00 


13.^4 


16 


never 


4*9.57 


25.32 ' 


19.23 


16.00 


13.92 


17 ; . 


" never 


never 


28.11 


20.69 


17.00 


•^14.68 


18 


never 


never 


31.23 


22.20 


^18.00 


15.43 


19--. 


never. 


never ■ 


34.77 


23.75 


19-00 . 


16.17 


20 


never 


never 


38:^85 


25.35 


20.00 


16.90 
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TABLE .11-8 

TSUtS TO PAYBACat AT 9 PEBCaiT DISCOCW RATE 



Jtmzio ot 
Tn1 »'<*'^ Oomt to 



^aml Rrlce S^c^tdon Rate 



0% 



2% 



1 


1.09 


1.07 


2 


2.30 


2.22 


3 


3.65 


a.47. 


4 


5.18 


4.83 


- 5 


..-6*94 


6.33 


6 


9.01 


7.99. 


7 


11.54 


9.86 


8 


14.77 


12.00 


9 


19-27 


14.48 


10 


26.72 


17.46 


li 


53.44 


21.18 


12 ^ 


navsr 


26.13 


U 


n«ver 


33-55 


14 


nersrar 


48.79 


15 


never' 


never 


16 


never 


never 


17 


never 


never 


18 


never 


xiever 


19 


never 


never 


20. 


never 


never 



4% 



6% 



8% 



10% 



1.05 
2.15 
3.32 
.4.55 
5.86 
7.25. 
,8.74 
io.34 . 
12.07 
13.96 

16.03 
18.32 
20.89 
23.81 
27.20 
31.23 
36.20 
42.71 
52.12 
69.38 



1.01 

2^03. 
3.06 

5.14 

27 
S .35 
^.44 

il.9i;^:.^0.54 



1.03 
2.09 
3.18 \ 
4.30' 
5.47 

w 

10, 



0.99 
.1.97 
2.95 
3.91 
4.87 
5.82 
6.76 
7.69 
8.61 
9.53 



13.36 


U.66 


10.44 


14.87 


12.7S 


U.34 


JL6.-44. 


13.92 


12.23 


18.08 


15.06 


13.12- 


i9.-ao 


16.22 


14.00 


21,61 


17.40 


14.87 


23.51 


18.59 


15.74 


25.52 


19.78 


16.59 


27.65 


20.99- 


17.45 


29.9? 


"22,22 


18.29 


/ ' - > 


J*- 





• , TABLE 1 1-9 

YEARS TO PAXBACr AT. 10. PERCEHT DISCODHT WCE 



Ratio of 

Tnit-**^ oort to 
fH,rmi£ Year Savings 



Fuel Price Escalation Rate 



2% 



4% 



1 


1.11, - 


2 


2.34 


3 


3.74 




' 5.36 


5 


7.27 


6 


9-61 


7. 


12.63 


a' 


16.89 


r 9 •■ 


24.16 


10 





1-08 
2.26 
3.55 
4.99 
6.59 
8.42 
10.55 
13.0^ 
16.21 -f^ 
20^^ 



1.06 
2*19 
3.39 
4-68 
6.07, 

.u.o* 

,13.^0i5 
^15*34 



6% 



8% 



10% 




1-04 
Z.12 
3;24 ; 
4-42 > 
5.64 

c 6.9r , 

^ 8-28 
.9<f70 
11.20 
,12.79 

14.48 
16.23 
18.21 
20.29 
22-54 
24.99 
27.69 
.30-70 
34.08 
37.94 



1- 02 

2- 06* 

3- 12 
4.19 
5.30 
6-42 
7.5T 
8-74 

:^.94 

11.16 ^ 

12^41 
13V7d. 
15J01 
16136 
17.74 

19 as 

20.60 
22.10 
23.63 
25.2^. 



1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10. GO 

U,00 
12.00 
13..00 

14- 00 

15- 00 
16.00 
17.00 
18.00 
19.00 
20.00 



tl&tio of 



TABLE 11-10 , 

YEAaS TO PAYBACK AT 11% DISCOONT RATE 
Fuel Price Eacalatilon Rate 



Initial Cost to 














^ixst Year Savings 


0% 


2% 


4% ^ 




Oft 


10% 


1 


1.12 


1.09 


1.07 


1,05 


T 

\ 1.03 


. i.or' 


2 


2.38 


2.30 


2.22 


2.15 


\2.O9 


2.03 


3 


. 3.84 


3.64 


3.46 


3.31 


3.18 


3.06 


4 


5,56 


5.15 


4.82 


4.54 


4.30 


' 4.09 


•5 


7.65 


6.88 


6.30 


5.84 


5.46 


5.14 


* 6 


10.34 


8.91 


7.94 


7.22 


6.65 




7 


14.08/ 


11.37 


9.78. 


8.69 


7.89 


7.27 


8 


20-. 32 


14.47 


ll;87 


.10.28 


V 9.17 


8.34 




44.13 


^ 18.69 


,14.29 


III99 


10.50 


?-43 


10 


'■ fievef 


25*31 


\ . 17.16 


13.84 


11.88 


16.53' 


'.11 


never . 


41.70 


20,70 


15.87 


^ 1^.31:. 




12- 


nev«r 


never 


25.31 


18. U 


14^0. 


12.76 




never 


never 


'31.92 


20.61 


16.35 


13.90 


. \' u 


never. 


never 


43.79 


23.43 


17.97 


''^15.04 


'15 


ncrver 


never 


jiever ^ 


26.67 


19 .'67 


16.20 


' .16 


never 


never 


never * 






17.37 ■ 


17 


never 


never 


. never 


35.12 


23.32 


18.55 ^ 


18 


never 


never 


never 


41.02 


25.30 


a9.75 


19 


never 


never 


'never 


49.15- 


27.38 


20.95 


20 - 


n^ver - 


never 


never 


62.30 


2d. 60 


22.17 



Ratio of 



TABLE 11-11 

YEARS TO PAYBACJC AT 12 PERCENT DISCOONT 
Fuel Price Escalation Rate 



Tnirial Cosft to 














First Year 


Savings 


0% 


2% 


4% 


6% 


8% 


10% 






1.13 


1.10 


1.08 


i.06 


1.04 


1.02 






2.42 


2.33. 


2.25 


2.18 


- 2.12 


2.06 






3.94 


3.72 


3.54 


3.38^ 


3.24. 


3.11 




A 


5.77 


5.32 


4.96 


4.66 


. 4.41 


4.19 




. \ 


8.09 


7.20 


6.55 


6.04 


5*63 


5.29 






11.23 


. 9.49 


8.35 


7.54 


6.91- 


6.41 




7 


16.17 ^ 


12.39 . 


10.43' 


' 5.16 


• 8.25 


7. 56 




8 


23.40 


16.40 


12.^9 


10.95; 


9.66 


8.72 




9 


never 


22.88 


. 15:90 


12.93 


11.15 


9.92 




10 


never 


42.04 


19.79 


15.16 


12.72 


. 11.14 




11 


never 


never » 


25.26 


17.70 


. 14.39 


12.38 




12 


never 


never 


34.61 


20.65 


- 16.16 


13.66 




13 


never 


ziever 


never 


24.18 


18.06 


^.97 


> 


14 


never 


never 


never 


28.56 


, 20.10 


,16.30 




15 


never 


never 


never 


34.34 


22.30 


17.67 ^ 




16 


never • 


. never 


never 


42.88 


24.69 


. 19.08 


'i ■ 


17 


" never 


never 


never ' 


59.52 


27a31 


20.52" 




■ 18 


never 


never 


never 


never 


'30.21 


22.00 




. 19 


. never " 


never 


never 


never 


■33.45 


23.52 • 




20 


never 




- n^sver 


never 


37.12 


25.08 



TABLE II-l^ 



YEARS TO PAYBACK AT- 14 - PERCENT DISCOUNT RATE 



Ratio Of > 
Initial Cost to ' 
Pirst Year Savings 



Fuel Price Escalation Rate 



,0% 



2% 



'.4% 



6% 





1' 


1.15 


A.13 , 


* 10 


i?b8 




• »2. 


2;,5l" 


/2.41 


2.33 


2.25 




3 


4.3,6. ■ 


3.91 


3.71 


3.53 




4 ~ 


\ 6.27 


5-72 


5.29 


4.94 




5 


9.19 


7.89 


7.14 


6-51 




g 


13.99 


11.00 


9.37 


8.29 




7 


29.86 


15.60 


12.18 „ 


10.33 




3 


never 


25^47 


15.97 


12.72 






never 


never 


21.84 


15.63 




10 


never 


never 


35.49 


19,31 




11 


never 


never 


never 


37 




• 12 


never 


never 


never 


32.45 




13 


> never . 


never 


never 


54.57 




-14 


never 


never . 


never 


never 




15 ' 


never. 


never 


never 


never 




16 


never 


never ' 


never 


never 




17 


■ never- 


never- 


'never 


never 




18 


never 


never 


never * 


never 




19 


never 


never 


' never 


never 




20 


' never 


never 


never 


never 




















TABLE 


11-13 





8% 



1.06 
2.18 
3.37 
4.65 
6.02 
7.50 
9.11 
iO.87 
12.82 
15.00 



10% 



17.47 
20.32 
23.69 
27.82 
33.14 
40.64 
53.46 
never 
never 
never 



YEARS TO PAYBACK AT 16 PERCENT DI 



:sco&iT 



1.04 
2.11 
,3.23 
4.40 
5.62 
6.89 
8.22-. 
9.62 
11.10 
12.65 

14.30 
^6.05 
17.92. 
^ 19.92 
22.07 . 
24.41 
26.96 
29.76 
32.87 
36.38 



RATE 



Ratio of 
Initial Cost 'to 
First Year Savings 



Fuel Price Escalation Rate 



OX 



2% 



4% 



6% 



1 


1.17 


1.15 


1.12 


2 


^2.60 


2.50 


• 2*40 




4 --41 


4.13 


3*89 


4 


6.88 


6.19 


5.67 


5 


' 10.84 


9.01 


7.88 


6 


21.69 


13.49 


10.79 


7 


never 


-25.18 


15.10 


8 


never. 


never 


23.49 


9 


never- 


never 


never 


10 


never 


never 


never 



8% 



1.10 
2.32 
3.69 
5.26 
7.08 
9.26 
11.98 
15.59 
2a. 97 
31.85 



10% 




11 


never 


never; 


never 


never 


31.85 


12 


never 


never 


never 


never 


never 


13 


^ never 


never 


never 


nev^^ 


never 


14 


never 


never 


' never 


-" never 


never 


15 


never 


never 


never 


. never 


never 


16 


never 


never 


never 


never 


never 


17 


iieyer 


never 


never 


never 


never 


18 


never 


never 


never 




19 


never 


never 


never 


never 


never 


^0 


never 


never 


never 


never ' 


_^ncver 



17. 2S 
20^01 
23,25 
27.16 
32.10 
38.81 
49.35 
75.45 
never 
never 



.TABLE li-W 



YSABS TO PAYBACK AT 18 PESCERT DlSCOOWt RATE 



Batix> of 
InitlJil Co«t to 



Fual Price Escalation Rate' 



0% 



2% 



4% 



6% 



8% 



10% 



1 


1 20 


1.17 


1.14 


1.12 


nio 


1.08 




2.70 


2.58 


2.48 


2.39 


2j|l ' ' 


2.24 


•> 

3 


4*69 


4. 36 


^4.10 


3.87 




3.51 


4 


7.69 


6.78 


6.12 


5.62 


?.2\ 


ft 90 


O 


13.91 


10*53 


8.85 


7.78 . 




e.4< 


V 




• 19.4^^ 


13.05 


10.60 


9.16 \ 


8.17 


•7 
/ 




■ never 


22.59 


14.66 


: 11.60 > 


^10.13 




nerver 


never 


never 


22-01 , 


15.24 


>12.42 




zierver 


*nev<a^ 


never 


never 


20.23 


15.14 


10 


•never 


never 


never 


never 


29.39 


18^51 


U, 


-never 


never 


never 


never 


never 


22.93 


12 


never 


never 


never 


never 


never 


29.36 


13 


never 


never 


never 


never 


never 


41.43 


14 


never 


never 


never 


never 


never 


never 


15 


sever 


niever 


*never 


never 


never ' 


never 


IS 


never 


never 


never 


never 


never 


never 


« 


never 


never 


QtV^r 


never 


never 


never 


18 


qever 


never 


never 


never 


never 


never 


19 


never 


never 


never 


never 


never 


never 


20 


never 


never 


never 


never 


never 


never 



TABLE 11-15 

YEAXS TO PAYBACK AT 20 PEKCEST DISCOCHT RATE 



Ratio Of 
Tp4<-'CjtT ooet to 
yiret Year Savlnge' 

1 
2 
3 
4 
5 
6 
7 

.8 
9 

10 



Foel^ Price Egcalation Rate 



0% 



2% 



4% 



6% 



8% 



10% 



* 1.22 
2.80 
5.03 
8^.83 
never 
never 
xievtar 
never 
never 
never 



1.19 
2.68 
4.64 
7.53 
13-17 
never 
neves 
never, 
never, 
never 



1.17 
2-57 
4.33 
6-68 
10,25 
17.92 
never 



1.14 
2-47 
4.07 
6.06 
8-71 
12.68 
20-83 
never, 



% 

1.12 
2.39 
3.85 
■ 5.58 
- 7.70 
10.43 
14.28 
20.85 
never 
never 



1.10 
2.31 
3.66. 
5.19 
6.97 
9.06 
U.63 
14.93 
19.59 
27-56 



11 


never' 


never 


never 


never 


. never 


- never 


12 


never 


never 


never - 


never 


never 


never 


13 


never 


never . 


never 

> 


never . 


never 


never 


14 


never. 


'never' 


never 


never 


never 


never 
never 


15 


never ' 


- never 


never 


never 


never \ 


.16 « 


never 


never 


^never 


never 


never 


never 


17' 


never 


never 


never 


never 


never 


never 


18 


never 


never 


never 


never 


' never 


^never 

Twver 


& : 


never 


never 


never 


never 


■ never 


20 


never 


never 


never 


never 


never* 


never 
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STUDY 1 



Cost Benefit Stud? of Instilliag Separate 
Boca Thenostats, »t the EOfler School ■ 
/ ■ • ■F«ll'Biver,.MA' ; 



- I; Blinding, PiU 



E. 



■ me of Construction - 1897 

I SksB floor Area -16,364 sq ft. ^ 

RVbI faurned in 'Base Year - 18,000 gal #5 oil. 

f^a t ofFuel Bumed - ^6,006 

rTat 0^ hel per 6aUon - J0.33/gal 



II. Suonary 



The savings derived installing separate- therniostaticallj 
S tSvalves 0^ ihe stea. pipes; in JJe classroo« the 
Poller- Schop,! 'were calculated, and found t^j^^f^gj*' 
These yilves, four in number, toold coat about m, 

total. ■ :, 



' III." Calculations 



Assumptions, . ' m 

1 Since the thermostats & on the first floor, and heit 
' rlseK, the second floor would be five degrees laraer than 
the first floor Li all windows were kept closed. • 

2. Window area on second floor is 288 sq ft. 

3. Roof area Is 9,000 sq ft. 

4. Sail area on second floor is 2,000 sq ft. 

,5. Heat content ^of oil- is 14,0,000 Btu/gal' and heating efficiency 

equals 70 percent .(ref 3) 
Sa vings to be Realized by the Iastan »t<nn of Thennostatlcally ■ 
Controlled Valves In the Four Ci aaaraaiiB on the Second noor 
Because there are no controls on the stews heating systea on . 

< K ODd floor, and because heat rises fo/ ^a cdati^ 
ourcoses it .is asstmcd that the second floor ■is five degrees 
K h« the first floor. This extra five degrees of at 
TsTvL ually dumped to the outside air and is, essentially, 
'a heirless that would not exist if temperature controls 
fcept the upstairs temperature at the sane setting as down • 

,, stairs. 

This five degrees of added heat loss is transmitted through 
the roof, the windows and the walls. 



Therefore added lo'siB through': ■ 

■ ■ , . • . , ^ ■ ■ ' f . 

I Boof (T value -0.21 Btu/hr-sq ft-deg F (jef 3))« 
a21' Btu/hr-8(i ft-Deg. F) ,(^,000 eq fi) (5 deg F) 
equals 9,450 Bt.u/hr. • a ' 

2. " ifindoW8'(T'valw • 1.13 Btu/hr^sq ft-fleg F (xef D). 

^ (U3 Btu/lir-sq ft-deg P) (288 sq'ft) (5 deg F) 
equals 1,627 Btu/hr ' . , > 

3. lails (T value « .48 Btu/hr-sq ft-Deg F (rel 1)). 

(,48-.Btu/h>^ ft-deg. F) (2,000 sVf^^ :/ 
equals 4,800 Btu/hr , - \ ^ 
"The total added heat loss equals: 
4,800 Btu/hr 

9,450 Btu/hr . L 

1,627 , Btu/&r , ■ 

15,877 Btu/hr 
The dollar cost through the heating season. 

15."7 p{2i ^) (30 5?) (7 ^ (i4q00Kiria7^'"GAr 



jal _,($0.33) 



equals J269/year 
C. cost of TheraQ8tat ir->ll7 Controlled Valves 

In this situation, four valves are needed. /T" """j!^- 
turer's data, the instaliejl cost is approximately tlOO 
pfer valve. Therefore, the' total cost, is $400. 

n. - RstMnatftd Dseful Lifetime 

The estimated useful lifetime of these valves is twenty 
years (ref 2). . 
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" CoBt study of TherBO&tatlciUy • ,V - 

tontroUed VilW It tl» Peter Pltzpat^ick ••: ■ . ■. . , 

..School (Old llnj),PBpperell, MA .■ • Co»t of- Thenaostttlciilh Controlled VtlveB . ; . . *^ 



jiroffl the BiDuricturer's dati the instilled' 

I. Building Dttt ' / ■ contilneicontrol wlvejs $100 per vjlve. Therefore the ^ 

J i«„ndW nwiine - cost of the ten, required valves Is n.OOOv , , / 

'« i ihto of Constructioit . - old wing, - about 1920, .per wing , : , r' ' '■ ■/ 

aboyt 19flO •■■ * - \ " ■ ' ' D. Estinlted ;DB|ful 'Lif etlne , • ' 

B- Grflsa-Floor Area ^- 32,000 sq ft... _ . ^ »nv '■ • ". 

. c. Bumed in Base Year. - 27,150 jal 14 Ml t M-^u KJJ « ■ ^^j^^^g gj^^^ted to be twenty years (ref 2). 

. r^. p^r C.,iloH m Base lear . tds/gal 14 oil, $0.36/gtl ^, ^. ^ 

II. Sammry : ; ■ ..j . ' , - .> ' 
The initial cost and annual savings resulting froBinitalllag ,.■.■:.,.■."} 

rilculated/ m units are now nanuaUy controU^^^^ .• ^ 

tiS;«lSst.& 
. -th* yearly savings i« about $480. . 

' ■ / • ■■ ■ ' ■' <• *' ' J ■"■^ W ' ■ ■ ' . <• 

ni. Calenlatlons / ■ ■ . ' . ^ > 

'l! • t- ■ ^ • „ .. , 

AssuaptionS . ^ ,:' . » 

■ 1. Ave^ngedayttM sinter outdoor temperature is 40 degF, ,V= ^_ 

• 2. Inside temperature is 75 degF without control valves . - f 

' and thenxjstats. •, 4^ \ 

3 Inside te»perature could be reduced to 70- degF with . ^ ". ' _ ; . • 

automatic control valves and thermostats. ■ ^. , 

/ .B. The basic for»1.3 for 'the loss of teat b^^^^^ • ■ 

■ .infiltration through a building surface is: ' ■ , ., . , . \ ' 

q. (cfiDxl.08 + UA)x(T^-y (refl) ' ' 

■■here- q ■ heat loss, Btu/hr , ... ^ #♦ r • 

D • coefficient of transBlssion, Btu/hr-fiq ft-deg F 

A • area of surface, sq ft 

, T." Indoor teuperatute, .deg F 
X " outdoor temperature, deg F 

cfa ■ cu ft per minute of infiltration ^ ' ' ^ , , 

Slncethe values of U, A,, T and cfm will remain constant, the 

S savings is pro^or^ioW to, the redaction in the indoor - , • ■ < . •. 

temperature T^. Tbnrefore the yearly savings is: 



STUDY J 



Gdst Besetlt Study of Inst&lllDg i Nttunl Gas 
J)oin«itlc Hot liter Batter it the 
Globe Fire Stttion, Fill River, U 



X Baildlng Dtti 

A; Dite ^rCoDStractlon - 1951 
B>' GroBi Floor Arei 9,576 sq ft ' 
C." ftifrl Wned in hse Tetr ^. 18>416 gal #2 oil; 
.hr > Coit of Fuel DurlDg kise Year ^ )6,Q48'' 
; I. . CoBt of. Fuel per Gallon ■ t03 per fal 



11. SttBttar? 



The initial cost and eavinga resulting from the installation of 
a separate dooestic hot water system for the' Globe Fire Station 
ns calculated. The estljnated savings per year is $96. The 
Installed cost , of i 30 giiion, natural gas. hot water heater 'is 
eetiiaate^. to be $M0. cost of an oil fired hot water boater 
was estl'nated to be- $580 Installed. Duo to the hipb Initial 
cost,^ this option was given no further consideration.) . 



IIL Calculations ^ ' . 
A. Assunptions 

■ ' 1-. Natural gas costs $0,003 per cu ft, at last rate block. 
^ '* 2/ There are' nine sl'nks and thretf^ showers..*. ^ 

^ '' 3. Oil costs Hay' through September are totally (telegated , to ^ 
. ■ ' hot water beating. .This ^amounts of 1,914 gallons at a 
cost of J632, • 

.4. Beat content of natural gac io 1,000 3tu/cu ft/ with 

heating efficiency, of 75 percent (ref 4). 

- ■ ' 

5/ Heat content of 12 oil is 140,000 Btu/gal (rel 4), < 

6. Overall heating efficiency of existing hot water systeo ' 
^ is fifty' percent. ^ 

7. There is a 100 deg. F. teinperature rise in the hot water 
< • 'heater.. 



r 



B. Cost of a [few Doaestic Jot later Tank 

During the base,year, /thVfire station used 1,914 gallons 
on oil, during the.suAaerWason. to beat dooestic hot watef . 
AssuDini i 100 deg yteopefKitfe rise in^the existing hot 
water heater,, and ^overall helttng . efficiency of fifty . 
percent, th^ following aaount of hot water was used during 
the suuDer season. 



1,914 



, Btu 

'gir 



Btu 



X 140,000 ^ X 0.5 eff . • irt t LO ^j-j—p x 



season 

• 100 deg F (ref 21. . 

where D equals pounds of water per season. 
Therefore H equals .1,339,800 lb/season. 
The average use ,pei: hour isf [ 

From reference one, the'maxiiDua use 'is app'rox'inately six" . 
tlioes the average, or 24 gal/hr. 

"., ■ f ■ ; ■ ' : ■ 

This ntaxtBtuD use can be^accooDOdated by a 30- gallon gas, 
hot water heater. This unit would cost about $240 including 
Installation -and piping. - 



X. 



X 0.5 eff. 



1,914 gallys of oilx;40,00o5g 
equals X cu ft x 1,000 ^7^^ x 0.75^eff : ■ 

there x equals total mount of natural ias'. - "] 

/< ■ * ■/ ' ' ■• 

rhereifore x equals ^176,646 pu ft of natural gas at 0.io3 

^Risj (Ju; ft. ' This coaes to a yearly cost of $536 vs $632 for 
pexitfting system. 



EMC 



^ ^ 93; 



The .avlnet result' from the diflerence in fuel costs beating 

per year are: , ^ 

$632 - $536 '966/79*1. . 
g.»<«atBdDs efql Llfetlae 

T&e e.tl~ted useful lifetl-e of the -water heater Is twenty ' 
Tears (ref. 3). ' 
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Cost Benefit Study of Stack 
'9 'at the Fotler School 
Fall River, W 



I. Bulldliig Ditj. - 

A. Date of Construction - 1897 

• - c gg ja^nlMeYear - 18,000 gals « 6il 
•- B. (viSTi roil In Base Yetf_- $6,006 

i: IfoTStlr^ngTlBs^ - «0.33/gal 



ir. 



niB initial c4K and annual 'savings resulting froo installing 
f 1 fe^ eSlz r system were est imted. The system m 
w mTea W s lLt up the stack in the flue gas. 
TaSgsIsti^te of about,$735 P" ^^^/^ ff^ 
The installed' cost of the systennas estimated to be afioui 

$5,000. , ■ 

IIL Calcuhtlopg 

A. Assupptlo Pg 

l; 550 dei P flue gas temperature. 

^ 2. 8 percent. CO2 In the flue gas. 

3. -Flue gas teinperature can be held to a steady 300 deg F 
after the heat exchanger, 

4. 150.000 Btu/gal heat content of #5 oil. Boileyfficiency 
■ Savings 




The equation governing the annual afflount of heat that 
can be recovered is; 

J ■ teOftj-tj) (ref 1) 

Ihet^; 

0 • Btu/yr 

1 ■ lbs of flue g»8 per y^^^ « 
C ■ Sifecific heat of flue gas 0.25 Btu/ltT-deg f • 
t,- Temperature of the flue gas entering th^^ 

^ heat exchanger (i.e. 600 deg F) 
t-r Temperature of the flue gas leaving the 
" heat exchanger (i.e. 300 deg F) 



The equation governing the amount of flue gas produced 
(F) per 1,000 Btu fuel input is: 

p. .72 (.12 + i[^) (ref 2) . ; ■ 
2 > 
Therefore: ^ 
15. 



p.. 72 (.12 -1:5^68 



l.OOO Btu fuel input 



The amount of Btu's'used in a year is: 

18,000 sal X 150,000 Btu ■ 2,7 x 10^ Btu 
yT gSt \ yr 

Therefore: 

H ■ • 1.5 lbs 



And: 



q - 4.05 X 10^ lbs , 0.25 Btu , (550-300) ■ 25.31 x 10 Btu 
^ yT'iHlSgF'' , . y' 



The savings in dollars is equal to: 

2L31xj!liHT£il rr- 

yj M50.000 btux0.7 gal yr 

The cost to run the system is estimated at $50/yr. There- 
fore, the net savings is: 



$785 -$S0. 



$735 



"d. Cost 'Estimate 

The cost of the system is estimated to be about' $5, 000 , 
from manufacturer's .data. 

I!. ' ytimftted Csefnl Lifetime 

The estimated useful lifetime of the system is 'ten years. 
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Cost Benefit Study of Stack Beat Recovery- 
at the Peter Buckely Adilalstratlon Bullilng 
Concord, W 



I. Building Data ' . • ■ •. ^ '., 

• ' ' 

A Dfttfl of CoDstructioD - About 1960. 

B. fi rofls yioor Area -12.193 sq ft. • 

C Pue l used in Base Year - 22,450 gal #2 oil. 

■ d! a>^t oi Oil in Baselgar - $7,196. , ' 

E. dost ol Oil per Gallon ;a Base Year - $0.32/gaV / 

II. Suimar; ^ ' ^ . 

The initial cist and afinual savings resulting from InstiaUng 
a flue gas econonizer systea were estimated. The systen can 
recover heat which 1^ lost up the.stack in the flue gas. A 
total savings estinate of aboutJlOOOper year was calcjla ed. 
The installed co»t of the aystem »aa estlaated to be about ^. 
J3,500. , • ^ 



\ . .}. , 



Calculations 
A. Assumptiops 
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L 600 deg F flU6 gas temperature. v . 

2. 8 percent CO2 In the flue ga^. 

' 3. Flue gas t^rature can be held to a stea'dy 300 deg F 
alter the econoolzer. 

"4. 140,000 Btu/gal, heat content of oil.Boiler efficieticy 

is 70 perccflx 

Heat Becovery Savings 

• The equation governing the annual acjount of heat that c^r 
be recovered is: , 

j-HxCxltj-tg) (ref 1) > 
' Ihere: 

g ■■ Btu/yr. 

H . Lbs of flue gas per year. 

C • Specific beat of flue gas 0.25 Btu/lb-deg 7 ■ , 

f," Temperature of the flue gas entering the 

^ heat exchanger (i.e. 600 deg F) 
t-" Temperature of the flue gas leaving the 

^ heat exchanger (i.e. 300 deg F) 



■ The equation governing the. 'wwt of flue gas pro- 
duced(F)'per 1,000 Btu fuel input is: 

f.0.72."{0.12*^)' (rcf 2) 

, HereW'. ^ . , , ' 

^ r ^72 (0.12' 4^) ■ u J M ; 

' 8 , ^ 1.000 Btu fuel inpux 

He amount of Btu* 8 used in a year is: 

22,460 eljj 140^0^ 

-yr- gal ,^ , yr 



/ 



Therefore: 



\ y . hBJ^- x ^ X \° - 4.338 x loV 
\ " '^SiTKu year yr 



And: 



,.+:33ixl0^1bs,^0.25Btu . ' ^ (600-300)deg P. - 
' yT »' IBiTdegF 



• 3. '25 X 10 Btu. . 
r yr. , * 

* v' 



The savings in dollars is equal to: 



$0.32 „. $1060. 



. 3:2LllO:Btu . M_ ^^x*^-^ 
— — — " i4b,006l5ux 0.7 ..gal • , 

i 

The cost to run the systea is estimated at $50/yr. 
Therefore, the net savings Is: - 

$1060 '-$50 ■ •*',$10]0. \ 

D. Cost Bstlaate . 
.The cost of the system is, estiknted to be about $3.500s 
from manufacturer's data., ^ 

E. Estimated Dseful Llfetiae '- 

The estimated useful lifetime of the' system is ten 
years. , \ ,h , ' ' ,, ' • 
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Cost Benefit Study of an Air to Air 
Heat Recovery System from the Pool Area 
at the Attleboro High School, Attleboro, MA 



I. Building Data 

.1 

A. Date nf Construction - 1962 . ^, 

B. Gross Fl oor Area - 430,000 sq ft ■ 

C. M hmi in litse Year - 279,514 gal *5 oil, 
•0. tofii of hel Purine base Year - $87;5e8 

B, &)9t 0^ Fuel per Gallon - to.31/gal. 

H. Simniry . , ' 

The amount of heat recoverable by an alr to air heat -exchanger 
(heat fhe61) »as calculated and found to save about $2,600 per 
year in energy costs. The installed cost of such a system is 
/ estlMted to be $20,000. 

Ill, Calculations' 

A. 



1. 10,000 cfffl of^air is exhausted from the- pool area at 
a temperature of 80 degrees. 

2. Seasonal heat wheel tjfficiency for the applicable 
teojperatures is 60 percent. 

3. Pool is ventilated 24 hours per day. 

4. Heat content of oil equals 140,000 But/gal. Heating 
efficiency 70 percent (ref 2). 

5 ^'^ere are 5293 deg-days per year during the heating 
season from October 1 through Hay 1 (Ref 3). 

B. Ener f^y Savings Possible by Using Air to Air Heat Re- 
covery System 

The equation governing the recoverable energy is; 

1.08 Btu' ^ . \ de£:daz 24j!rs 
.^ITrxcfnixdegF:''^"' yr ; day 

efficiency 

where q * total heat used - Btu/yr. 
The savings amount to: , 

(823.167 X 10 — ; 440^000' Btu X 0.7' ^* . 
$2,600 per year. ' . 



C* Cost Estimate 

1. Cost of 10»000 cfn installed air to air heat fheel on 
the pool roof with additional ductwork and wiring ^ 
from manufacturer's (lata $2.0/cfm, , 

2. 10,000 cfm X $2,0/cfm- $20,000. 
D! Estimated Dseful Lifetime 

The estimated useful lifetime is .fifteen years. 



101 



STUDY 7 



10 




Cost Benefit Study of Lead/Ug 

0 Boiler Controls at the 
Concord, Tom House ^ Concord, KA 



I. Building Pita 

A. Date of Construction - 1860 

^ B. Gross Floor Area -~9,i64 sq. ft.. 

C- h6\ Surnea in lase Year - 7,152 Gallons « oil 

D.- Cost of Fuel in Base Year - J2,293 

,B. &>at per 6alion in ilase liear - j0.32/Gallon. 

II. Sunmary 

The initial cost and annual savings resulting froo the installa- 
tion of lead/lag controls on the steam "eiting toilers were 
estinated, over a typical heating season (Oct. JM); * . 
savings of approxiortely J115 per y«»J'«8 ca cd e »t a °«t 
of about $150. At present there are tio boilers that operate 
•. simultaneously. The lead/m controls illl run only one bo ler. 

with the oth^ starting up only when "Idlt °y»^^^„^*J, " 
■ called for. By gbing tq a system such as this. « overall . 
boiler efficiency Is increased. T^e on y co re J ne«Ied is 
• one additional theroostat set outside the building, set an 
• estimated temperature of 25 deg J. t 

\ 

,111. Calculatloas . ^ _ . ^ 

A. Assuaptlons , 

1. The oeak' beating loss is about 30 Btu/hr sq ft at 
0 del ? outside temperatures. 

2. There are two boilers, each having 6e percent of the total 
peak capacity required. 

3. The total' enclosed square footage Is 19,564 sq ft. / 
' 4. Inside temperaturJ is set at 70'degF during the beating 

. ' V- season. 
/■ ■ • ' % 

' 5 *The above assumptions defines an .overall U value for the 
, building of 0.43 Btn/hr-sq ft-deg F. 

6. There is no inherent or practical reason why both boilers 
can't be rewired so that they can run on separate controls. 

. .7. The- engineering weather data (ref 1) is applicable 



B. gn,r| ^ Stvlnes by Bedu -^-ff <^>^rt Cvdlnt of Boilers ' ^ ^ 

By using Beference 1, one can develop ,a teJlJ 
rlqSre vs. number of heating days for a typka ^ on 
Sting season. Prom the curve, one can see that only one 
boiler of the usumed sire is needed 85 percent o the 
time. The additional boiler is needed only on the very 
cold days in winter. If one goes to a ead/lag contro , 
he first boiler will be "on" for a rac P«» « J* 
tage of the time. This will increase its efficiency Bef. 
if our Judgement this will produce at least an over-all effi- 
cAncy iocrease of 5 percent. 



Therefore: 
Mxao5-iii^ 

yr yr . 

C. Cost Bstlmited 

1 One (I) outdoor air ttepenture thertnostat, wiring, and 
SSlflcatlons to existing controls. $150 trom ^anufac 
turer'B data. . • 

D, ggtlmted Dseful Lifetinw 

The estiaated useful lifetime of new therw^tat and firing is- 
. twenty years. - i . 
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Cost Benefit. Study of the Reduction 
of Ventilation Air at the flllard School 
Concord, U 



I. Building Data 

A. Date of Construction - 1958 \ 

B. Gross Floor Area ■ 39>500 sq ft 

C. FuQl Burned In Base Year - 45,191 gal n oil 

D. ' Cost of Fuel in Base Year - $14,493 

E*. Cost Per Gallon in Base, Year - $0.32/gaUon 

II. Sunma: 



The initial cost and annual savings resulting from the reduction 
M ventilation air brought in by the unit ventilators were 

eBtimated. This rebalancinR is needed because niost of the unit 

ventilators were found to be over supplying ventilation air. 

The annual savings was estimated to be about $480, and the cost 
\of readjustini; the unit ventilators is estimated at $400. 

I 

III. Calculations 
A. Assumptions 

1. Ejcistlng ventilation rate r 15 cfm/occopant. 

2. New ventilation rate * 10. c fin/occupant. (Mass. code) 

3. Population density - 25 students/unit ventilator. 
^ 4. Boiler efficiency - 70 percent (ref 1). 

5. 20 unit ventilators.^ 

6. Estimated average daytime winter outdoor temperature 
40 deg F. 

7. School is open 180 days - 10 hr a day. 

8. Inside temperature - 70 deg F. 

9. Beat content of n oil equals 140,000 Btu/gal. 



B. Savings by Reduction In 'Ventilation Rate 

The equation governing the energy required to heat outdoor 
^ air up to indoor temperature is: 

g • 1.10 X cfm X AT (Ref. 2)' 

where q ■ Btu/hr 

1.10 ■ constant btu/hr x cfm x deg F. 

cfm ■ cu ft/mln ' 

AT ■ temperature difference (laside-outslde) deg F. 

Therefore the energy savings for the year Is equal to; 

^I'lOjtu ^ . (15-10) cfm ^ ... . « , . 25 occupants 
hr-cfm-degir.' occujanf ' ^^^'^^^ ^ ' unit vent. 

ear 



. X 20 unit vent x ^ x - 148.4 x 10^ Btu/yea 



The dollar savings is equal to 
148.4 X Btu 



• / year 
C. Co&t'Estiinate 



1. $2J'/manihr for field labor^ from control manufacturer. ^ 

2. 1 hour/required per unit vent. 

3. $20/hr X 20 unit vents x 1 hr/unit vent ■ ^00. 

D.- Estimated Useful Lifetime 

Since this change is Just a readjustment of existing equlproent, 
the "estimated useful lifetime" is equal to the remaining 
life of the equipment. . - . 
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Cost Benefit Study of tbe Reduction of 
Ventilation Air it the Acton/Boxborough 
Junior High School' 



I. Building Data ^' 



A 



Date of ConstructlOD - About 1960 
B. Gross Floor Area ^ 6,600 sq ft. 
C Fuel Burned In Base Year • 7.760 Gals #2 Oil, 72,5^ 0 Ga^s H Oil 
d: Cos t of fuel Id Base M r - $2,930 #2 Oil, $22,980 Oil' 
E. fest Per iallon in Ba^ear - $0>37/Gal 12 Oil, t0.31/Gal 



IL Sunnary 

The initial cost and annual savings resulting fron tbe reduction 
of ventilation air brought in by the unit ventilators were es- 
t^-^^d. This rebalancing Is needed because inost of the unit 
i*or8 were found to be over supplying ventilation air, 
- . ■ il savings was estimated to be about $780 and the cost 
'* .asting the unit ventilators is estimated at $800. 



III. Calculations 
A. 



1. Existing ventilation rate • 15 cfo/occupant. 

2. New ventilation rate - 10 cfD/occupant. (Mass. code) 

3. Population Density - 25 students/unit ventilator. 

4. Boiler "efficiency - r°''cent (ref. 1). 

5. 40 unit ventilators- 

6. Estimated average tt^-' i^- -^ter outdoor temperature - 
40 deg F. 

7. School is open 180 days - 10 hours a day. 

8. Outdoor temperature, 7C ;eg F, 

9. Heat content of H oil - :45,000JBtu/gal. 



B. Savings by Reduction in Ventilation Rate 

The equation governing the energy required to heat outdoor 
up^to indoor temperature is: 

q-U0xcfmx4T (ref. 2) 

where: q ■ Btu/hr 

1.10 ■ Constant Btu/Hr x cfm c deg F. 
cfm ■ cu ft/min 

AT « temperature difference (inside-outBlde) 
. deg. F. 

^Therefore the energy 'savings for the year is equal to: • 
1.10 Btu. ^ (15-10) cfm\ ...... . . ^ 25 occupant 

. X 40 Unit Vents x ^ x ^^OU . 2fl^ x 10^ Btu/year 
The dollar savings is equal to: ; 



X ^.Z K... X - $781/year 



247 X 10^ Btu ^ jjal 
year ^ 145,000 Btu xQ7 ^ laT 



C. C o st Est ima _te 

1. $20/Dan-hr for field labor from control manufacturer. 

2. 1 hour required per unit vent. 

3. $20/hour x 40 unit vents x one hour/unit vent ■ $800. 

D. Estimated Useful Lifetime 

Since this change Is Just a readjustment of existing equip- 
«nient, the estimated useful lifetime is equal to the remaining 
life of the equipment. 
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Co«t Benefit Study ot the^ Reduction 
ol 7eijtiJati0D Air at tie Peter 
Pitzpatrick School Pepp<rell, MA 

Iv BalldlngDati ' ' ' ' 

L Date of Coostnctlon - Old ling - About 1920 * 
^ ■ ~ : \ New *ling - About 1960 
B. Gross rioor'Arek -'32,000 sq ft 
'C. hei ^ed in Base Year - 27,150 gal J» oil ■ 

^ \ ' -8.8?0^gal^<W oil 
• D. Cos t of fuel In Base Year > $9,18^^(4 oU^ 

. "^"^ ' ; $3,220 'iMi 

!. Cost per Gallon In Base Year - $0i33/gal"#4 oil 
: $0.3B/gal #2 oil 

'the initial .cost and apnual savings resumnfe fran t€e reduMlon 
ol ventilation air brought li by the. unit ventilators were' ^ 
estimated. This rebalancing is needed because most of.the.iinit 
ventilators were found to be over 8upplylnff,ventllatlon air. ^ 
The annual savings was estimated to be about $625 and the cbst 
of readjusting the unit ventilators- is estimated it $500. ^ 

III.' Calculations ' ' ^ 

A. AssunptioDB * ^ 

1. Editing ventilation rate - 15 cfm/occupant. 

2. Hew. ventilation rate - 10 cfm/occupant. (Mass, code) 

3. Population density - 25 stutjents/unit ventilator. 

4. iJoller efficiency - 70 percent (ref l), 

5. 25 unit ventilators. ' ^ 

6. "Estimated average daytime winter outdoor temperature - 
40degP. 

7. School is open 180 days - 10 hrs a toy. 

8. Inside temperature * 70 deg P. 

9. Heat content of §2 oil equals 140,000 Btu/gal, ^ ' ' 



B. Savings by Reduatlon.in Ventilation Rate 

The equation governing the energy required to heat outdoor air 
up to indoor temperature, is: 

q ■ 1.10 X cfm X AT ^ (ref 2)- 

where q ■ Btu/hr 
. ' 1.10 -constant Btu/hr xcfox deg 

cfm-cuft/min . ' • , • 

AT * temperature difference (inside-outslde) deg r. 

. ' Therefore tlie energy saving for the year is e^al to: 

' 1.10 Btu. , (15-10) cfn , ffo^M.dee x '"P*"^^ x 
hr-cfn-deg ' occupant " '''^ * unit vent. 

,25 units xi2|,x^ -185.5. 10^ Btu/year 
The'doliw savings is equal to 



185.5 X 10 Btu 
year 



{ gal-- 104^ . $625/year 

^ 140,000 Btu X 0.7 ^ gal ^'^''^^ - 



vC. 



Cost Estimate 

1. $20/nan*hr for ileld Tabor, from control manufacturer. 

2. 1 hour required per unit vent. 

3. ' $20/hr X 25 unit vents X 1 hr/imit vent - $500. 

Estimated Dseful Lifetime « .. 

Since this change is a readjustment of existing equipnieDt, the 
usefil lifetime is equal to the, remaining life of the equip- ^ 
ment. 
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Coat Benefit' Study, of an;', 
, Automatic Door Closnre, Device on. the' 
Fire StationHo.,i2 in Acton, HA , 



I. Bttlldlng Data • ^ ,11 v/^ 

, A. Date of Cg_D$tructlon - AJprox. 1950 ' v ^ 
Gross Floor Area ^ 5400 sq ^ ft / 

C. Fuel Burned in Base Tear - 810^000 cu ft -Natural Gas . 

D. Costof ^el iatoele^ - $2,430.' . 

B."C08t oi Fuel Per Cu. Ft, - $0,003/cu ft . v ■ . 
. ^ t -Avera jre TgrenentlTgost of Gas (8/76) - »0:003/ctf ft;. 

Ii;. Suflcary % ,v ' ' " 

As- of the present tine there are to automatic door closure de- 
vices installed on the main doors 6f the^Actoa Pi3» Statlon.o 
lis a result, ^hen an alarm is sounded, antf the firefighters . 
- go to answer the call, the doors cW be., and, are',' left open 
•for long period? of tiioe* Tie following analysis showed that 
at least- $585 per year can be saved in energy costs if\these 
doors were autoaatically closed. * Tie aioount of hot alr^bhat 
can be lost during a cold day during the winter caii.ie con- 
> aiderable. The cost of an automatic door closure system, on 
the two front doors, i? estimated to be $800 from manufacturers 
data. 



III. Calculations - 
A. AssuDOtions 



1. Inside garage teoperature is kept to 60 deg F. ' ^ 

' . ■ > 

2. ■ Door >8 open twl) hours per day for 200|.day8 of heating^' 

season* • . 

■) h ■ \ - 

3. Infiltration Rates:. 2 airchanges-per hour with door, 
closed and 4 with door open (apparatu^-fl^oor onlyn ' 

4. Average winter temperature equals 35 de^ F.;^ \ ^ • , 

5. Heat content of natural gas equals 1,000 Btu/cost. 

6^ Seasonal efficiency equals 75 percent (ref 1). 

InfiltratloD Savinfp with the Use of an Au tomatic- Door 
Closure^tem. 




hr 



1.08 Btu 



^ aircEangT ^ S5roln ^ Fr x deg f x cm 



olio 

ERIC 



j(fi0'^.35°)xi22i£,.-155;t loWr. 
This heat loss costs: . 

1000 Bta • 



155. 10°Btu/yr,J,5L, 0.75. Hf. 



$593 



C. Add Cost of iin stallatioli 
^ ' 

From manufacturer's data, the installed cost is ipproxloately 
$800. • ^ • , ■ , 

D. Estimated Dseful Lifetlne "'^ 

The estimated useful lifetime of the motor that powers the 
automatic door closing device is fifteen yetfrs. . ' 



( 
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STUDY 12 



Cost Deneflt Study of Stitches on the Garage 
X Doors to Control th^ Heating System at the 
\ DPI Building, Acton, U 



I. Building Data • 

« 

A. Date of Construction - About 1965 

B. G ross Floor Area - 18,644 sq ft , • ^ , 

C. Flier Used in Base Year - 1,744,000 cu ft of nitural 
. D. Cost of Natural Gas in Base Year - $5,118 

B. Cost of Gas per cu ft - $0.66i/cu ft 

P Incremental Cost"orGas (8/76) - $0.003/cu ft 



II. Sumaary 



Tbe Initial cost, and annual savings resulting from installing 
stitches on the garage doors to shut off the heating systeta 
when the, doors are open were estimated: The amount of hot air 
that can be lost during a cold day during the winter4f the doors 
are left open needlessly, can be considerable. A total savings 
estimate of about $465 per year was calculated. TTie Installed , 
cost of the system was estlnatedHo be about $750. . 



H 

O 



IlL Calculations 
' ' A. Assumptions 



J 



« 1. Average .winter temperature equals 35'deg.'F. 

.2, Dodr Is open two hours per day for 200 days of heating 
season. , \^ *, 

3. inside, garage temperature is -kept to 60 deg F. 

■ 4. Infiltration rates: two air changes per hour with door 
close* and four with door open. 



5. Heat content of natural gas-equals 1,000 Btii/cu ft. 

6. Seasonal efficiency equals 75 percent (ref 1). 

Automatic Door 



B,, Infiltration Savings with the m\i an 
Closure Syst^ ! - ~, 



(4-2) air change 325.000 cu ft lhr_ ^ 
hr air change 



1.08 Btu 



!oW ^ hr X deg F X cfm^ 



;.n^.cN. 1? 4Whr 116.98 X 10^ Btu/yr 
(60-35) deg F,x — ■ . ' 



This energy costs: 



,6 Btu . • cufl , 10^1. j45gyyy 



116,98x10 yr M,6fl6 btux0;?5 :'^ 



0, Cost Estimate 



The cost of the automatic switches installed on the doors 
' and wired into the,control,of the heating system is $750/ 
from manufacturer's data. 

' ■, ' ' 

.E. Estimatetf Dse'ful Llfetiine, , t 

The estimated useful lifetime is ten years for^he door 
switches.- ' , 



ERIC 
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STUDY 13 



Cost Benefit 'Study of Eoof Insulation ■ 
V . on the Thoreau School, Concord, KA 



I. Building Data 

L Date of Construction - 1951- : 

B. Gross noor Area - 34,400 sqj ft 

C. fuel Burned In 'Base Year - 38,500,gal W'oil 

D. Cost of fuel in Base lew^ - $14,000 

B. Cost of hel per Gallon - $0.36/galloD ; 

li, Suianary . ' . 

• Since a reroofing job is contemplated at this tiffl^, the initial 
cost and anaual savings resulting from the installation of addi- 
tional Insulation were calculated. Roof insulaticn- reduces . 
' energy confiuaptlon by reducing the thermr loss (transmission) 
through the roof. There are many different types of roof 
t insulation and each type has to be evaluated on its own merits. 
\polyurethafle Roof Deck Insulation was selected for this study. 
■t total savings* estimate of $2,900 was calculated. The addi- 
tional cost fas ejtimt^d to be $22,000. 

III. Calculations 



1. valuf of existing roofi built-up roof with a netal 
deck ana fiberboard celling and an air space, equals - 
0.22 btii/hr-sq ft-deg F (ref 1) - 

2. '-'ir' Value: with additional Insulation as recooanended 

in reference 2.. • 
0J08'Btu/hrsq ft-deg F, 'y 

3. Roof Area Equals 39,400 sq It. * 

4. 'Boiler efficiency is 70 percent (ref 3)' ; , 

5. Heating season from Oct. 1 to Hay 1 equals 5,942 degree,, 
days (tef 4). 

6; j Effects such as loss of solar heat gain, rain, snow,; and 
occupancy will beneglected. 

7. 140,000 Btu/gal #2 oil, 



B. Transalssion SavlnffS by Additional Roof Insulation * 

24 hr , $0.36 ^ gal. 
• '^UT ^ 140,000 Btu xa? 

' ■ $2,-888 

C. Cost Estiinate ' ^ ' 

1. $0.65/sq ft for 2 inches of additional Installed inflation 
from manufacturer' 8 data. , 

2; X 34,400 SQ f<- $22,360^ 
sq It 

D. Estipated Dseful Lifetime 

The estimated useful lifetime Is twenty years. 



Cost Benefit Study of Spnyed on 
Boof Insulitlon on the Briggs Corner 
Fire Station, Attleboro, M 



I. Biilldinit m. 



\ 



A Date oi .Coostruction - 1969 



H 
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II. Smantr? ^ 

III. CtlcuUtioaa 
A. Aasimptiona 

1. Gross roof area equals 2,100 Wft 

I Boof is iuilt up on a metal U, with no insulation, 
. ^' S hM a »r value ofO.67 Bt«/br-sq ft-deg F (ref 1) . 

3. The building is heated to 65 dec F. ^ 

4. During the heating season fro«. Oct. 1 - Hay 1. .'fer? are 
5,923 degree-days ^ref 5). , ^ 

-T value with addition of insulation as recoc««nded in 
% reference 2, »ill be0.08 Btu/hr-sq ft-deg F. 
6." Thirty percent of the buildiig is air conditioned during 
the suimer. 



7. ' Solar effects are neglected. 

8. Heat content of natural gas islOiD Btu/cu ft 



0. 



■i 



8 ■ Heat content of natural gas ib luw «.u, . 
the Heating Season , » 

br-sq it-deg F ' > 

cu ft • $704/year. 
xf-MJ/ciiHooTBtTx'o.TS 



m 



.Savings Acertied by Addition of Boof Insulttioa During the 
goollne Season ^"^ ^'^ ' 

Prom reference 3, the following weather data was obtained 
for the Boston Area: , 

'Temperature Bange Bean Temperature ' Bours of Occurrence 
' Deg. F Peg. F During the Tear 



* 90-94 
85-89 
' 80-84 
75-79 



97 

92 \ 
87 
82 
77 



36 
107 
245 



Using this data, and knowing that the air conditioned sec- 
tion of this building is to be hel^at 75 deg, the heat 
flow across the roof can be cAlculated. The heat gain , 
across the roof is a linear function of its "D" value. The , 
higher the D value, the higher the heat gain. 

The equation governing the heat gain through the roof is: 

q • UA AT : (ref. 4) .• 

■ where q^" Btu/hr 

0 ■ Btu/hr-Bi ft-deg F. 
A ■ sq f t 

AT ■ Temperature difference across the roof 
_ deg? ' 

In this case, one is interested in the energy saved due 
to insulation, therefore, the appropriate "D" value to use 
to calculate energy savings is the difference between the 
Insulated and unlnsuj-ated "D" value. This nnaber is 0.67 - * 
0.08 « 0.59 Btu/hr-sq ft-deg F. 

The appropriate area. A, Is 30 percent of 2,100 sq ft or 
693 /^q ft. 

Therefore, for the five mean temperatures listed, the energy, 
saved per cooling season is calculated as follows: 

0.59 Btu/hr-sq ift-deg F (693 sq ft) (97-75 deg F) (6 hr) • ^ 

54xlO^Btu\. 

0.59 Btu/hr-sq ft-deg F (693 sq ft) (92-75 deg F) (36 hr),r 
250 X 10^ Btu ^ ; 

0.59 Btu/hr-sq f,t.-deg F (693 sq ft) (87-75 deg F) (107 hr) - 
525 X 10 Btu * 

0.59 Btu/hr-sq ft-deg F (693 sq ft) (82-75 deg F) (245 hr) - 
701x10^ Btu . . 

0.59 Btu/hr-sq ft-deg F (693 sq ft) (77-75 deg F) (388 hr) • 

' 317x10^ Btu- 



for a total savings of 1.8 x 10 Btu/year. 
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Th« dollar savings Is: 




- $12/year 



Therefore the total heating and cooling savings are $704 + 
$12 • $716 /year. 

Cost EstliMtte 

1. '$0*90/8q ft for 2 inch sprayed-on insolation installed 

from manufacturer's data. 

2. $0.90/8q ft X 2,100 sq ft - $1,890, 
Bstimated Dseful Lifetime 

The useful lifetime is estimated to be fifteen years (ref 
6, see asbestos)* 
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STUDY 15 



Coat Bfloelit Study of Spray-on Roof 
Insulation at DPU Building, 
Acton, U 



1 » 



I. Building Data 



H 

0 
lb 



c. 



F. 
G. 
E. 
I. 



Date of Construction - About 1965 

Gros s Floor Area~ 8, 644 sq ft 

l!uel Dsea in kse Year - 1,744,500 cu ft of natural gas 

plus 17,270 -km of electricity for air conditioning 

Cost of Natural Gas in. Base Year - $5,118 

&ost of Electricity in Base lear - $8,719 

5ost'of (las-per cu.ft - t0.003/cu ft 

C ost of Electri'cItyTicfh - $0.055/klli 

I ncremental iost ofGiS (8/76) - $0.003/cu ft 

Tnrr «mftntiLl Cost Hfliictrlcity (8/76) - $0.055/kIh 



II. Suaaary 

Tlie initial cost and annual savings resulting iron- the addition 
of'spray-on roof insulation were estinated. Roof Insulation will 
reduce energy use by reducing the thermal loss (transnisslon) 
through the roof during the winter, and by reducing the heat 
flot into the building during the sumner. A total savings est- 
imate of about $650 per year was calculated based on the 
reduction of heating and air conditioning.- The Installed cost 
of the insulation 'Was estimated to be, about $8,500. 

HI. Calculations . ' ' . 

A. Assumptions 

1, Existing Transmission - From reference'l for a built up 
roof, on a metal deck with one inch insulation, the "B"' 
factor equals 0.15 Btu/hr sq ft dcg F. . 



2. 



' Insulated Transmission - Dsing one inch of sprayed on 
'cellulose foam, applied to the inside roof area, the 
"U" factor changes to 0.09 Btu/hr-sq ft-deg F, 



3. The installed cost, as quoted by manufacturer, is $0.45/ 
sq ft. 

-1. Roof area equals 18,644 sq ft. 

5 Thirty percent of the building is air conditioned during 
the sumner, with the indoor temperature maintained at 
75 deg F. 

■ 6. As air 'cooled air conditioning system uses 1.4 kilowatt- 
hote per ton-hour of cooling (ref'4). 

'7. Heat content of natural gas is 1,000 Btu/cu ft.- 

8. Beating efficiency equals 75 percent (ref 7). 



7, Solar gain during the winter is negligible. 

8. There fire 5,923 degree days over heating season (Oct. 1 
to Hay 1) with the buildini open six -days per week, 

15 hours per day (ref ..i)/ ' ^ 

B. Transmission Savinj^s through H oof Durinf; Heating Season 
Heat saved • (0.15 - 0.09) (18,644 sq ft ) (5,923 deg-day) 



(24 hr) ■ 159 x 10^ Btu over heating season. 



.6 ■/$0^003^ , ■ cu ft 



m x*10 Btu i-^) (1000TT75 
C. ' Traasaisslon Savings through Roof Purine Cooling Season 

From reference 2, the following weather data was obtained 
for the Boston area. 

Temperature' Range ■ Mean ' Hours of Occurrence 
' deg F. Tenperatiire-deg F During the Year 



95-99 
90-94 
85-89 
80-84 
75-79 



97 
92 
87 
82 
77 



6 

36 
107 
245 

0 388 



Dsing this data, and knowing that in the air conditioned 
sectlon of the building is to be hellkat 75 deg., the heat , 
flow across the roof can be calculated. The heat gain 
across the roof in a linear function of its D value. The 
higher the 0 value, the higher .the heat gain. In this ^ 
case; the 0 value' without Insulation is 0.15 Btu/hr-sq ft-deg;F, 
with insulation the C value 180.09 Btu/h>8q ft-deg F. The 
energy savings is, therefore, a function of the difference ^ 
of these, two numbers. . ' 

The equation govening the' heat gain through the roof is: 
q ■ DAiT (ref 3) ■ . . 

where HI " Btu/hr 

0 ■ Btu/hr sq ft-deg F 

A ■ sq ft , ■ 

AT. TeoperatuMiydlfferential across the rool. ^ 



In this case, oae is interested in tbe energy saved due 
to insulation; therefore, the appropriate D value to use 
to calculate energy savings is the difference between the 
Insulated and un* Insulated U-values. This nuober is 0^15 
3.09 - 0.06 Btu/bx 



ir-sq ft*deg \ 
irca, A, is 30* of ll^ 



•The appropriate area, A, is 30% of Iff, 644 sq ft or 
, 5,593 sq ft 

Therefore, for the five mean temperatures listed, tbe 
energy saved per cooling season. Is calculated as follows: 

0.0€Btu/hr-8q ft-deg (5593 sq ft) (97-75 deg) (6 hrs)/yr - 

44.29 X 10^ Btu/year 
0,06 Btu/hr*«L ft-deg (5593 sq ft) (92-75 deg) 36 hrs)/yr - 

205.37 X 10^ Btu/year 
0.06Btu/hr-s4,ft-deg (5593 sq ft) (87-75 deg) (107 brs)/yr - 

466.79 X 10** Btu/year . ' 

0,06 Btu/hr-sq- ft-deg (5593 sq ft) (82-75 deg) (245 hrs)/yr - 

' 575.51 X 10^ Btu/year 
0.06Btu/hr-s<uft-deg (5593 sq ft) (77-75 deg) (388 br8)/yr - 

260.41 X 10** Btu/year 

3 

for a total savings of 1,552 x 10 Btu/year. 

The dollar savings is: 

,i.cn .^3 , .IJJcfhv . ton-hr , . $0.055 ^ - 
1552 X 10 Btu/yr {-^^^) ( ^2,000 Btu ^ ^"HT' 

■ $IO/year (at. last block of current electricity rates) 
Therefore. the total heating and cooling savings are: 

$636-^ $10 ■ $646/year * ^ ' 

Cost Estimate U- , 

$0.45/sq ft for one Inch spimyed-on insulation ('installed^ 
from manufacturer's dafa. 

2. $0*45/sq ft X 18,644 sq ft ' $8,398. 

Estimated Useful Lifetime 

The estimated useful lifetime is fifteen years (see ref 8 
under asbestos). 
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STUDY 16 



CoBt Beneht ^tudy of Roof Insulation 
It the nint Street Fire Station 



Palfl^Rlver, HA 



.1. Building Data 

A. Date of Cooatruction - 1873 

' B. Gross Floor Area - 7,000 sq ft 

' C* M feurned in fease Year - 11,254 gal #2 oil. 

D, (i)st of ^el feumed in Base Year - $3,872 

E. (!o8t oi! guel per Gallo_n - $q.55/gal 

n. Sumnary 

The eatimated savings resulting froo insulating tha unused attic 
floor ol the Flint Street Fire Station was calculated and found 
to be about $65 per year. The Installed cost of such insulation 
lould be about $725. 

III. Calculations 

A. AsBumptloDS 

><, 

■ 1. Because of the many slopes on this roof, and since the 
attic Is not used, in this analysis, the attic will be 

Insulated, using a rigid, foam Insulation. ' 



2. The insulated area is 3,500 sq ft. 



3. There are 5,408 degree-days in Wheating season from 
Oct. 1 to Bay 1 (ref 1). 

4. Heat content of « oil is 140,000 Btu/gal. 

5. Heating systeo efficiency is 70 percent .(ref 4)' ' 

i Burdened, labor rate for in8taliatl,on is per hour. 

B. Transaission Savinffs bv the Addit ion of Insulation on the 
Attic floor 

Prom reference 2, the "0" value between the second floor 
ceiling and the outside air, in the vertical direction, is 
- 0.12 Btu/hr-sq ft-deg P. lith the addition of 1 1/2 inches 
• of comereially available rigid foam, installed on the floor 
of the unused attic, the "0" is decreased to 0.08 Btu/hr-sq 
ft-deg P, which is the recomended "D" value froB reference 
■3.. . ■ . ■ . ■ 



I 

The savings is a function of the difference of' these 
"U" values. Therefore, the. energy saved is 



^ (0.12 ' 0> 
hr-sq ft-i 



,08) Btu 



(3,500 sq ft) (5,408 



year ^^^^^day^ 



which equals 18.0 X 10 Btu/year 



The dollar sayings is: 



(18.0 X 10^ ( 



, I (^) • $64/ye8r 

year' U40,0O0 Btu xa7' ^gaT ■ " 



gal 



C. Cost of Insulation 



The.unlnatalled cost of the Insulation is $173 per 1,000 , 
^sq ft or $173/1,000 sq ft (3.5) ■ $605 total. 

Since the Insulation is highly portable and is cut easily 
'With a knife, it should not take more than one man-day to 
install. Assuming a burdened labor rate of $15 per hour, 
the Installation cost should be $l5/hr x 8 hr ■ $120. 



Therefore: 



/ 



Installation Cost 
Insulation Cost 



D. Estimated Useful Ufetime 



$605 
120 

$725 total 



The estimated useful lifetime of the attic Insulation is 
fifteen years (from manufacturer's data). 



A 
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CoBt Benefit Anilysia of InsUlMng Spny-On 
Hoof Insulitloc It the Cirrol School, 
Pill River, HA. 

I. Building Dtti 

A. Date of Construction - ipp. 1950. 

% Gross noor Area - 23,914 sq ft. 

C. Fuel Burned in Base Year - 19,532 Gal 15 oil 

D. Cost of fuel in Base Year - $6,507 

E. Cost of Fuel per Gallon - $0.33/gal.. 



II. Sumry 

The wim Kcrued in a year's tiie due to the installation of 
sprayed on cellulose loaa rooo Insulation tas palculated ud esU- 
Sted to be snout Jl.360 per year. The installed cost was estimated . 
to be J16,700. 

III. Calculations 

A. Assumptions » ' ; 

1. Bool area is 23,914 sq ft. 

2. Heatinj Season from Oct. 1 to lUy 1 contains 5,408 deg- 
days (ref 1). . 

. . .3. Heat content of #5 oil is 140,000 Btu/gal. ^ 

ft, 

4. Heating sySteffl efficiency is 70 percent. (ref 5). 

5. ^Effecte8uch as loss of solar gain, rain, snoi, and 

occupancy will ^ neglected. 

. B. TmmiBsiott Savi n gs bv Addition o f Boof Insulation 

Froa. reference' 2, the existing 'T value for the J^^^^^^^ 
lood deck roof is 0.2l Btu/hr-sq ft-deg P. lit^ ^^'^^^^^^^ 
of 1 3/4 laches of. sprayed on cellulose foio insulation, tne 
"0" value drops to 008 Btu/h>Bq ft-deg P, which is reconiended 
"C" value for this climate zone (ref. 3). The savings 
realized is a function of the difference^ of these two values. 

V 

The energy savings in a year's tine is: 

) (23,914 "sq ft) (5.408 ^St^SL), ' 



(Q-^l-O-O Hr-sq ft-aegy 
04 — ) which equals 403 x 10^ Btu/yr. 



This saves: 

, p «3 X 10^ Btu/yr ( ^.p, A.x.(>?)» ' 

C. Cost 0^ Spnyed on Hoof Ipgulttlop ' ^ • 

Froo oanufacturer's data, the Installed cost of 1 3/4 dDClie8 
of sprayed on cellulose Insulatioo is about $0.70 per sq ft; 

Therefore, the total cost is: '.^ ■ 

$0.70 (23,914) « $16,740 

D. Esti mated Dseful Lifetime 

The useful lifetime Is estimated to be fifteen years (ref 
'4j under asbestos Insulation). 



.STUDY 18 



^ Coat Benefit 'Study of Eoof' Insulation 
on the Lakevlew School 
Tyntfsboroagh, HA 



I. ftilldlag Diti 

1 - ' •. 

A, Dtte of Constructloa . - 1956 

C. R VaI Bumed in B ase Year - 25,000 gal W oil 

D. -fast of 1>ub1 in Bajn jr - $8,400 

E. ;gRt ofkelper(iaiio.n - $0.33/Gal 



IJ. Siwiari 



H 
0 



Since a retoofing job fill be necessary in tjejuture the initial 
cost isd annual savings. resulting from the installation oi aaai 
S aUnS^S 0 wer! cilculatt«J. Bool Insulat on reduce < 
» Snption by reducing ™ 

cost m estlnated to be about ?lJ.90O. 



III. ' Calculations 



.ons 



1. 



•T factor of existing roof, a built-up roof »itb a letal 
dSck and fiberboard ceiling-and an air space.- 0.22. Btu/ 
hr X sq ft deg F (ref !)• * [ 

"D" Factor with additional insulation as recomended in 
ref 2). 

'0.08 Btu/hr-sq ft-deg F. " ' 

Boof Area etpials 19,800 sq ft. ^ . 

Seasonal boiler efficiency is 70 percent (ref 3)^. 

Heating season fro«. Oct. 1 to Hay r eqlials 6,226 degree 
days (ref 4). ' 

Effects such as loss of «)lar heat gain, rain, snow and 
occupancy lill be neglected. 

Heat content of 12 oil is 140,000 Btu/gal. 



B. Transaisgion Savings by Additional Roof Insulation 

(0-22 " O.QS) Btu , 19 sq ft x ^^^^L^ ' . 
hr-sq ft-deg F ' ^ yr 

u hr SOjj gal , . . 

" Uir gal 140,000 Btu x 0.7 

■ $l,394/year- " • 

C. Cost Estimate 

L $0,65/Bq.ft lor 2 Inches of additional polyure thane. roof 
deck Insulation Installed., Manufacturers' data. 

Therefore: 

524? X 19-800 sq ft - $12,870 ^ 
sq^tt ' 

D. ^ Estimated Oseful Lifetime ' > . > 

The estimated useful Ufetimer of the new roof Is twenty 
years. 



< ■ 
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STUDY 19 



Cost Benefit Anilysis of the Installation ; 
of liU Insnlatloff at the Highland School, ' 
■jElHUver, MA 



In dollars, this is a savinga of 
Btu, ' ' 



H 
0 
V0 
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I. Building Data • 

A. Date of Construction - 1901 

B, gr oss Pioor Area >'n6,968 sq ft. 

C. ffi«.t Burned In base Year - 19,501 gal #5^011 

D, to st oi hiel in Base Year - $6,500. 
B. feat oi fuel per (iallon - $0.38/gal 

II. Suimary 

The savings realized by the reduction in transniission losses _ ^ 
thAugh the walls, by the installation of insula ion »« calcul- 
ated and found to be about $2,400.per year. T^e initial cost of 
the insulation was estimated to be about $13,350. 

HI. CllcuUtlons \ ■ ^. . 

A. Assumptions 

L Outside wall area is 11,918 sq ft. " > 

2. .The finctoi area.ls aboua,400 sq ft (78, 3' X 6» wiDdo^^^ 

'\ ' • 

3. During the heatik season from Oct. 1 to fay 1, there . 
' are 5,408 deg-dajs (ref 1). 

4. Boiler efficiency is 70. percent (ref . 5) 

■ ' 5. Heat content. of #5 oil is 140,000 Btu/gal. 

'6. 'T value for uninsulated brick wall equals 0148 Btu/hr- , 
' sq ft-deg P (ref 2). 

^ 7. The walls are of brick construction and are uninsulated. 

B. Savinfts Due to fall Insulation 

The.'T value for 'an uninsulated brick wall equals 0.48 Btu/hr- 
80 ft-deg ?. The insulated walLwill be desiped to meet 
the ASHRAE stan'dard for this area (ref 3) which s 0.08 . 
' Btu/hr-sq ft.deg F. This can be done with 3 1/2 inches of _ 
rolled fiberglass insulation. 

"The energy savings is a function of the difference of the two 
aforementdoiKd "U" values and is written as follows: - 

/ . (0,48'- 0.08 Btu/.hr-sq ft-dag F) (11,916 sq ft) (5,408 -j^) 



C. Cost of fall Insulation 



" ^^^lay^ which equals 618.9x10^ Btu/y 



v 



This cost involves the cost of 3 1/2 inches of fiberglass 
^ insulation, plus the cost of erecting a gypsum board wall 
and finishing costs. These are>auMiarized' below (ref 4): 



2. 



Installed insulation cost - ($0.19/ft,) ■ ,$2,264 " 



Installed drywall cost - ($0.27/ft2) 
Drywall finishing cost - • ($a,27/ft ) 
Carpentry cost - (2fl ?235/day) « 
Painting cost - (JO.U/fn ''iiSll 

'/ 

$13,345 



3,217 
3,217 
3,336 



D. Estimated Useful Lifetime 

The estimated useful lifetime of the insulated wall -is 
twenty years. 
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STUDY 20 



Cost Benent Study p|lill InBUlatlon ^ 
»t the D»vol Schwrf^l Ri'W. "* ^ 




( 



I. Bttliaing Dttt 

I nitft of Cons tnictloa . 

■II. Samary 

The ttvinis due to the installation of wall' insulation it HJe 
KcISl was calculated pd found to be' about $1,750 per year. 
The initial coat was. estimated to be $9,400. 



-/p ^^ttt; Calculations 



In dollars, this is a savings of (based on the last block of 

current kbs rates) 

... e'Btu . cu ft > (1:003. . $i 743/ye„ , 
^ ^° yf T,0OO xWSbtu^ ^cult^ 

C. Cost of lall Insulation 

This cost Involves the cost of 3 1/2 in, of, fiberglass insula- 
tion, plus the cost of erecting a gynsun board wjl ""S"' 
ing. the costs are'estlnated to be as follows: iRei ■ , 

2 

Installed insulation cost - ($0.19/ft,) "$1,596 
•Installed idrywall cost - (55-27/^*2) " 



Dryiall finishing cost 
Carpentry cost 
Painting 



($0.27/ft*) 
-(20$235/dayi -2,352 
- ($0.11/ft^) ".JM 

$S,40B 



( A. AssuBPtiona ■ ' ' 

1. Outside nil area equals 8,400 sq ft. 

2. ' lindo* area equals 1,700 sq ft. 

3 During the heating season tm Oct. 1 to Hay 1, there 
, 'are 5,408 deg-days (ref 1). 
' ' i. Natural gas has a heat content of 1,000 Btu per cu ft. 

5, Boiler efficiency is 75 percent (ref 4). , 
B. s»inf; HDne to l all Insulation -« 

^ * 9 the ' "D" value for a brick wall, uninsulatetl 

which is 0.08 Btu/hr-sq ft-deg 

. '/The energy savings 'is a function of ^he difference of these 
• }!^ two "B" values and. is written as follots. 
. ' (0.48 - 0.08 Btu/hr-sq ft-deg P) (8,400 sq ft) (5,408 ^) 

f24 which equals 436 X 10^ Btu/yr. 
^ day 

' ■ . ■ /, ' 



D.. Estimated Oseful Lifetime 

The estimated useful lifetime of the insulated wall is twenty 
years'. 
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STUDY 21 



/ 
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Coat Benefit Study of the iDittllttioD 
of Stom lindows at tba Dtvol School 
Fall Biver, HA 



L Building Design • 

^ A. Date of Construction * 1892 

B, Gross Flobr.Area -15,964 sq ft 

/C. Fuel ^e'd in Base Year - 2,366,200 cu ft of Natural Gas. 

D. Cost of Fuel Id Base Year - $6,185 

E. Cost of Fuel per cu if . - $0.003/cu ft 

II. Suinary 

The savings due to the installation of triple track, aluminum 
storm windows at the Davol School was calculated and found to be 
about $425 P«r ywr* The initial cost was estimated to be. 
$2,9.00. 



III. Calculations 

\A» Assumptions / j 

1. findof area equals 1,700 sq ft (94', 3 ft by 6 ft windows.). 

2. During the heating season from Oct. 1 to Hay h there are 
• 5,408 deg'days (ref 1). 

3. Natural gas has a heat content of 1.000 Btu per cu ft. 

4. Seasonal boiler efficiencyjis 75 percent (ref 4). ' 

' 5. There will be a 1?. percent (breakage per year of the storm 
windows. 

B. Savings Due to the Installation of Storm flndows 

. Storm windows change the 'T value of the window from 1.13 to 
0.54 Btu/hr-sq ft-deg F..(i'«f 2).' 

* f Therefore tlie^savings over the heating season amount to 

" , / 13-0.54 Btu/hr-sq ft-deg F) (1,700 sq ft). (5,408 



yr 



(24 j^) «'130x 10^ Btu/yr. 
day 
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There Is also a savings due to the elimliiation of the ambient 
air 'infiltration through the cracks In the windows. This 
infiltration loss can be calculated as follows: 



The crack length along a 3 ft by 6 ft window equals: 



6 ft X 2 
3. ft X 3 



12 



21 ft ^1 



Assuming a 10 mile per hour wind and referring to reference 
3, this yields an infiltration of 0.35 cu ft/min per linear 
foot of crack. This factor can be reduced by one-half with 
the use of storm windows. Therefore, the total infiltratioo 
equals: 



^ iint^ (21 ft) W .indow) . 345 ^ (cf«) ■ 

The. equation govvning the annual energy savings Is: 

Btu . - .1.08 Btu , , ^ tog-day 24^ 
tT ^^^' hrxcfmxdeg ' P: yT^ ' l^T 



Therefore: 



6 



q ■ 1.08 X 345 x 5,408 x 24 ■ 48.3 x 10"^ Btu/yr. 

There^re the total savings due to storm windows is: 

..o * ,a6 Btu > cu ft s / $0.003 n _ t7n 

(48.3. M30) X 10 - (x- ^oOOBtuxO.75 ) ^IfTl^ • 

subtracting f^akage (see cost section), this yields an annual 
' savings of $^3^- $290 ■ $423 per year (based on current gas 
rate, 

C. Cost of Storm llndows 

Theifcost of M 3 ft by 6 ft stow windows is approximately 

$2,300 (about #30 per window). / ' 

^ ii , ^ 

For breakage,, 'Subtract 10 percent of tills figure per year from 
'savings, t . \ 

D: Estimate Dseful Lifetime 

The estimated useful lifetime of the storm windows is twenty 
years. 
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Co«t Benefit Study of Storm f indows 
on the Town Hill, Dunetible, MA 



1/ Building Data 

A. Dite of Construct lott - 1908 

B. flroM fl oor Aren ,800 sq ft . . , 

^ C. B ii^l 6urned In S lse Year - 770,000 cu ft natural gas 
D. Cost of kWin Base Hear - $I,,730 . 
B. Average Co st of Fuel per cu ft - $0.0022/cu ft 



The initial cost and annual Mvings re8ultin5.froiD the installa- 
tion of triple track, alumlnuji stom »iDdofB on the Dunstable 
Itotn Hall were calculated. ■ It was estimated that the installa- 
tion of storo lindows.iill save $310 per year in fuel costs. 
/ |The Instilled cost of ttie stonii window is about Jl,850. • 

in. Calculations , . ■ 

A. Assumptions 

1-. The 0 value of>a single pane of glass is 1".13 Btu/hr 
sq ft deg F (7ef 1). 

2. The U value of single pane glass with a stora window 
is 0.54 Btu/hr-sq ft-deg F (ref 1). 

r 

3. lindow area is 615 sq ft. ■. 

4. There are 25 windows 3 ft by 5 ft approxiaately. .' 

5. ■ There are 'iO windows 2 ft x 8 ft approxiiately. 

6. There are 6,226 deg-days per year during the heating ■ 
season frou-Oct 1 through Hay 1 (ref 3). 

7. Infiltration crack width 1/32 of an inch. , ' ' ■ 
, 8. Ten Bile per hour. wind for infiltration calculation. 

• ' 9. Heat content of natural gas equals 1;000 Bty/cu ft. 
10. Furnace efficiency' equals TS^percent (ref 4). 



■B, TransalssionW in RS bv the Addi tion of Storm llnjows 

The amount of energy saved ii a function of the difference 
in heat lost through storm windows, vs. single pue glass 
windows. . ' ' 



•Therefore: 



\ 



which, amount J to a savings of 54.2 x 10^ Btu/year. 
In dollars, this amounts to 



M.2x IQ^Btu ^ , 
^ ■ 



cuft ^ X ■ jM03 

■1,000 Btu xaii' cu.ft 



^ which 'equals $216/year 

C. Tnfiuration Saving - through Addition of Storm lindows 

Every double hung window' has a crack where it abutts the 

SS 2 w ere the top part of the window abutts e bo «. 
, part of the Window. During the winter cold /"f"; » " 

fVJ^Zh t)MM cracks adding to the beating load., This in- 
■ - ■ S i n Sn'ET "^^^^^^^^^ .one-half -ith the use of sto« 

windows. One,can calculate the infiltration as follows: 



^ X 25^ 

i8« x2a-- 

window 



475 ft (3' X 5' windows) 



■ft (2* X 6' windows) 



835 It 



Assuolne a 10 mile per hour wind, and referring to ref. 2, 
S^ SlSs in infiltration of olsS cu ft/min per linea^ 
foot of. crack for a window without a storm window. There- 
fore total infiltration with a stom window equals: 
0:35 cujt , ft £H" (cfm) 



\ 



1 



35 



er|c3^ 



% 



Thevequitlon gqveiplng the anntiaX energy savings is: 




< 



q - 1.08 x/146 X 6,226 x 24 - 23.5 x 10® 
In dollar savings this equals: 




Therefore the total savings per year by using stom windows * 
equals: 

: 215 + $94 - $309 
Cost Estimated 

From manufacturer's data^ the cost jmd installation of a triple 
track sfom window using double strength glass is $3.00. per 
square foot 

X 615 sq ft » $1,845 

Estimated Dseful Lifetime 

The estimated useful lifetime of an aluminiim triple track 
storm window is twenty years. 




STUDY 23 



Cost Benefit Study of Stom lladows 
on tbe Bbrth H&Ib Street Fire Statloa 
Pall Elver, Hi 



I. Mldlng Pita 



L Date of Conrtnictlon - 1873 

B. Gross Floor Area » 6>000 sq ft. 

C. Fttel Burned irSaee Year - 9,205 Gal #2 oil. 

D. doet'.of jnel 'ln Base Year - $2,971 

. E, Cost of Fuel per Gallon * $0,32/gal, 

11. . Smpary 

Tbe Initial cost and annual savings resulting from tbe In- 
stallation of stom windows on tbe Nortb Haln Street Fire 
Station were calculat6(|. It was estlicated tbat tbe iostalla- 
tion of storm windows will save ^155 per year In* fuel costs. 
The' Installed cost of tbe storo windows is about $950. 

IIUv Calculations ^ 



H ■ 
^ 1 



A; Assuniptions 



1. The U' value of a single pane of glass Is 1.13 Btu/br 
sq ft deg F (tef 1). 

2. The U valile of single panel glass with a stom window 
is 0.54 Btu/hr-sq ft-deg F (ref 1). 

3. . lindow area is 473 sq ft, including skylight. 

4. There are six windows 8 ft by 3.5 ft with an arched top. 

5« There, are ten windows 7 ft by 3.5 ft. 

6. Tlierelsone skylight 5 ft by 6 ft. • , i 

' / 

7.. There are 5/108 deg-days per year during the beating 
season frba Oct 1 through May 1 (ref* 3). 

8. / Stona windows will be installed over rectangular portion 

or arched 'Windows only and sealed at the seven .foot level* , 

9. Infiltration crack width 1/32 of an inch. 

10. 10 mile per hour -wind for Infiltration calculation. c ' 

11. The beat content of 12 oil is 140,000 Btu/gal, 

12. Tbe heating efficiency ds 70 percent (ref 4)* 



B. Trananisftlon Savings by tbe Addition of Stona^indows " ^ 

The aniount of energy saved Is a function of the difference / ' 
* in beat lost throligh storo 'windows vs. single pane glass , 
'windows, 

Therefore: 

6 ' 

which amounts to a savings of , 36.2 x 10 Btu/year, ^ 

■ t 

, In dollars, this anounts to. 

equals $117/year * . . • 

C. Infiltration Savings through Addition of Stores Ilndows 

' 'Every double' hung window has a crack where it abutts the 
track and where tbe top part of tbe window abutts tbe bottoo 
part of tbe window. - During the winter cold air Infiltrates 
through these cracks, adding to tbe heating load. This in* 
filtratidn can be reduced by one-half with tbe use of stom 
windows. One can calculate the Infiltration as follows: 

f 

Crack length equals 



7 ft X 2 - 
3,5 ft x3« 



14 ft 
10.5 ft 

24.5,ft 



Assuming a 10 nile per hour wind, and referring to ref. 2, 
this yields an infiltration of 9.35 cu ft/nln per Linear 
foot of crack, for a window without a stom window. Therefore 
total 'infiltration with a stom window equals: ^ 

.M5 giL J 24.5 ft X 16 window ■ :68 cfi' . 
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The equation gOTernlng the wmiul energy savings Is: ,^ 

^ (q) '\ ^-^^^^ . V ^ ^ . 
yr hr X cfm x dog yr 

Therefore: 

q • 1.08 X 68 X M08 X 24 - 9.5 x 10® Btu/yr. ^ 
In doll&r savings this equals: 

* '* ' * 
9.5 X 10 — fwo.OOO Btu x .'/^ Vgal V * 

Therefore the total savings per year by using storm windows ^ 
equals i4)proxifflately 

$120 + $31 ■ $151/year 

Cost Estimated 

From manufacturer's data, the cost and * 
foot'Ss 1/2 foot, triple track storm window, usingT double 
strength gliss is $56 per window. A single pane, sky light 
storm covering would cost approximately $50. 

Therefore total cost would be 

. 16 X $56 , - $896 
plus • r 50 

Estimated Osefnl Life. * > 

The estiMted useful life of the storm windows is twenty . 
year8.\. ■ ' ,' ". ■ . ' ' 
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•Cort Bincflt ABilysla of Instilling Plastic 
Bubble Type Insolttlon on the ^pper Htlf oi 
til the llndofs, at tbe Bigblud Scbool 
' Fall River, U 



I. Mldlng Data 

, A. Date of ConstmctioB - 1901 

B. Gro w Floor AreH le.SeS sq ft. 

• C. M hmi in Base Year - 19,501 Gal #5 oil. 

D. Cost of 'Fuel in Base Yetr - >8,500 

• e'. Cost of Fuel per Gallon ■ )0.38/gal._ j 



II. ; SuBBiry 

The wv^RS due to the Installation of plastic, bubble type flndow In- 
* sulation as sold by Econ Corp. or equal was calculated and found to 
be about S170 per year. The Installation costs, including prepara- 
tion costs lere estimated to be about $800. ' 

III. Calculations 

A. AssuBptlons ^ 

1. ^The flndow area is about 1,400 sq « (78, 3' x 6* windows). 

2. During the beating season from Oct 1 to Bay 1, there ire 
; 5,408 deg-days (ref 2). N 

3. Boiler efficiency is 70^ percent. 

4'. Beat content of 15 oil is 140,000 Btu/gal. - 

5. value . for single pane window equals 1.13 Btu/hr-sq 
ft-deg F (ref 1). ' / ' 

B, Savings Due to .Installation of Plastic Bubble Insulation on 

the Dpper Half of Each flndow ' ~ 

\^ • ' . ' , ' , 

From OBUittfactnrer's data, the T' value is lowered from 
. 1.13 Btu/hr-s(i, ft-deg F. to, 0,65. Btu/lir-sq"'ft-:deg F. The 
savings realized is therefqre:-. ... 

' (1.13 - 0.65 Btu/h>sq ft-deg f) sq ft) (5,408 ^St^) 
x(24gj) -Ma 10 Btu/year, 



In dollars,, this amounts to: ^ 

• (43.7 X 10« Btu/yr)( i4o^o00 Btu x6.7 )'^^^ ' ^^^^1^^' 

C. Cost of Installation ^ .. ^ 

Froo nanuficturer^s data, tbe installed ^st of 700 sq ft of 
insulation is $490." ^ ^ 

Cleaning the windows as prepa^tion for Instaflation witl ^ 
cost $105, if local window , washing is not available. 

TriinDing the edges of the/windows of paint and other foreign 
matter will cost another /$10;50, assuolngao percent scraping. 

Therefore, the total cost Is: . 

. $490 + $105 + $10 -/$6D5. , 

D. ' EstlJiated Ilseful Llfe^'tlae • ' • , 

The distributor oi this product will Issue a five year warranty 
. on wortaoanship and imterlal. He has stated to us, however. 
^ that the estimated .useful lifetime is closer to ten years. 
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STUDY 25 



' cost Benefit Study of Eli^^Ji^^ ^^^^^^^^^^^ 
. on the Apparatus Hoor, in the U ion Street / 
» Fire Station, Attleboro, u 

■ I. Building Data 

' A nat. ft of Construction - 1959 
i .ft 'rniis Floor Area -^,000 sq ft 
0- c Tj^j^nnase Year - 9 77 gal #2 Oil 

E. r>.«tnt Fuel Per ballon - iu.'>»/gal . 

II. Sumnar!; 

■ . ' The energy saved by blocking "V^^^^i^^f f^jS^^^^^^^^ 
concrete blocks, insulation, and a dry^^V S!,? usn Sr 

a he- dinar savings ws foun t° f^^f 
year. The installation costs are estimated to be ?1,200. 

in. Calculations 
A. Assumptions 

1. Indoor tenperature is kept at 65 deg F. 

2. Glass area is 434 sq ft, volume orspace is 13,000 cu ft. 

3 There are 5.923 degree-days during the.heating season 
from Oct 1 to Hay 1 (tef 1). 

4. The infiltration rate through the -all win be reduced 
from 1-1/2 to 1/4 air changes per hour (ACH). 

5. Effects of solar gain through windows will be neglected. 

. ■ 6. The existing windows' are of single P"e construction with'. 
■ aU value of 1.13 Btu/hr sq ft deg f iref Z). • 

• 7. Ilndows are replaced by a built "P^"*;! ''JS^SJtSJn ' 
eight inch concrete blocks, three i f"^". * f 
• < Xa 1/2 inch plaster board interiorjinish, all having 

a wnJined Uvalueof .fl6Btu/hrsq ftdegMref 
' .'s, Heat -content of mollis 140.000 Btu/gal., Heating 
efficiency is 70 percent (yef I) ■ 
B Tmrl"^"" savings- br BoardinOUfalJ^ 

hr-sq ft-deg i ye" ■ 

fin E5i {$0.42S/gair'.$280/year 

=5 liOoTBtuTtn' \ . 



C, Tufntratiott Savings 

■ 1,08 Btu X Din ^m^xm^ x • 

EH^nnraeg F * hr X 60 ac 

5923 «ieg-day 24 hr , x $y2S . $180 

Total savings is therefore: 

$280 + $180 » $460 
y^ar 

D, Cost Estimate ., ' ■ 

■ ' 1 Cost of eight inch concrete wall finished with 1/2 inch 
Saster board and three Inches of mineral fiber in- 
,sulatlon - $3.50/8q ft (ref 4). 

2, $350/sq ft X 434 sq ^t * $1,519. 

E, Eattmated Dseful Lifetime 

Estimated useful lifetime of the insulation is twenty years.^ 
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' Cost Benefit Aulysls oI-ReplaclDg 
Incandescent lighting with nuoreacent 
Lights at, the Carrol School, ?»11 Rivep, HA 



Building Data 

A, Date of Construction - approximately 1950 



D. 



Total BlectrlcJt] 


J Dsdd io Base Tear 


Cost ol Electric: 


itj in Base Year - ; 



p. in crepeoUfcCost of Electricity (8/76) - $0.05/kIb. 
11. SMflTT " ] . 

' The electric savings due to the Installation of fluorescent light 
fixtures. was calculated and the estimated savings was found to 
' be $858 per year. The light fixtures, installed, would cost 
approximately $12,700. 

IIL/ CalculatioDS 

A. Assumptions 

1. There are twelve classrooDBapproxinately 53 feet by 22 feet 
in area. Each room has eight, synetrically spaced, incan- 
descent lamps, each using 300 watts. 

2. There is one primary school room approximately 36 feet 
by 35 feet. The room has twelve, symetrically spaced 
incandescent fixtures, using 300 watts each. 

' 3. Lights are in use nine hours per day. 

4. School year consists of 170 days. 

4 

B. Savings Remilting in the Installation of F luorescent 'light 
Fixtures in the ClassrooaF 



One cannot directly replace an incandescent with a fluores- 
cent fixture without first examining the difference each 
one has in light distribution. A round, Incandescent bulb, 
ten feet from the floor, does not have the same light distri- 
bution at the floor level as' a 4 foot long 1 1/2 inch diameter 
fluorescent bulb. Variationdn overall room brightness is - 
also a factor in desiping for fluorescent light fixtures. 

Osing reference I, the present lighting system prpduces about 
17 foot-candles of light at' the desk- level. ^ It is felt that 
due to light distribution and overall* room brightness, no 
less than 16, four foot fluorescent fixtures should be used 
in the regular classrooms. This will produce a light level ^ 
of thirty foot mil^s at desk level. 



In the prlinary classrbodi, no less than 21 fixtures should be 
used. This will yield a light level of 27 foot candles (ref 

The energy saved is as follows: 
Incandescent; 
(gi^) (12 rooms) (300,y^) • 28,800'latt8 

plus (12 lamps) (300 J—) • 3,600 latts . 
for a total of 32,400 latts. 
Fluorescent: 

(16 ^) (12 rooms) (100 ^) • i^M latts . 

plus (21 lamps). (100 ^) • 2,100 Ia?!s 

for a total of 21,300 latts. 
^ The savings is^tberefore: 

3?,400 - 21,300 -11,100 latts 
Lamps are on nine hburs per day for 170 days. 
Therefore total hours on equals; , 

9 ^(170 days) " 1,530 hours. 

Therefore electrical savings amounts to: 

13.1 klxl,530'hrs- 16,983 klh/yr. 

^QAtsi (Current cost of 
at $0.05/klh - this amounts to $849/yr. electricity) , 

C. Cost of Fluorescent Lights 

From manufacturers data, the installed cost is $60 per fix* 
ture. Therefore the total cost is (213 fixtures)^e $60/ 
fixture equals $12,780. 

D. Estimated Dseful Lifetime 

The estimated useful lifetime of the wiring- and fixtures 
is twenty 'years. ' 
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Cost Benefit Stndy of 1 
Lighting It the Concord/Ctrlisle Hig^ 
School Ubrtry, Concord, MA | 

I. Bttildlat Dtti ' 

A Dite of Cottgtruction - 1960 
■ b'. (irosayioor Am - 1^55,000 sq ft _ 

C. CT:;?;7T7TtfI!5a m ene Year - ^^Iff^J"^ 

F: oi liecfrt city (8/1976) plus 

h»l cbrge - J6.M/H5 

Ilj SiMimy. • '. - 

\ The initial cost «id' mul. ?»»;''P„f/;»J;j JSJtlS" 
lirtting in the Ubrary were calculated. ^JJ"";* ■ 
■ . iStiniia fn» 2 « x 2 ft 80 latt fluorescea fixtures 
XS 0 Srescent strip lights. both.»ou ted n 
SST This produces about eighty foot candles a t Jle 
^ , & "it was estimated that task ^m^^^^ ^ 
about $230year. The installed cost fas estimated at J2400. 

in. Calculations ( 
A. Assunptions 



. 1. 



There are seventy 2 f t x 2 80 ^'t* "f^^'j!, 
light Stures plus 20 1»att_^or the ballast which 

equals 100 latts per fixjyjjP^ 

2 One half of the 2 ft x'2 ft "xtures couldbe de^' 
. iaaped and replaced with 40 »att tableianps. 

1 Pour table laiaps per desk would be required, c-tjer 
. ■ K top or on the P^tUion^^^^^^^ 

■ desk. There are eight tables on the lower level. 

4. The library is open 180 days a year for 10 hours per 
day. * 

B. jnergy Savinjg ' ' , 

Based on the assmnptlons tbe energy 
difference between the electricitr used "it 1 f « , 
' Si ing fixtures on and the usage '"^"v therefore- 
ceiling fixtures plus one half of the desk liaps, therefore. 



!or the year this would be: 

latts x 180 days x lOhn • 5,147 kilowatt-hr 

Therefore the savings would be: 

5 i47k!h X }M441 - m 
year Tin yeV 



C. Cost Estimate . 

Based on nanufact'uters data, the installed cost per lanp would 
• be $75. A great part of tbe cost' ($60 per lamp) is in the 
wiring to bring power to tbe desk tops. Therefore: 



|75 jj 8 desk 4^Mp . $2400 



D. Estimated Dseful Life 

The estimated useful life of the lamps is fifteen" years. 



(70 lainw X lOOjWts) 
■ I "lanp 



(35 lamps x 100 ^tatts +"4 desk xJOjM 
lamp, ' ^"'^ ' 




r 



\ 
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equals 2,880 latts. 
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STUDY 28 



. Cost Benefit Study of 
Task lightiDg at the Doastable Town Btll 
Librazy Dufistable/MA 



L Building Data 

h. Date of Coostructlop .■ 1906 

B. ' GroflB Floor Area - iSOO eq ft ^ 

C. Electricity Dsed la Base Year • 5844 kfh . 

D. Cost of Electricity lo Base Year -.$400 

. E. Average Cost of Electricity » ?0>Q68/)^lh 

. r.> i Dcrwiental Cost of Electricity (8/1976) 

^ ; ' plus fuel W - »).645/kih 



II. Suanary 



Hie initial cost and annual savings resulting froa task 
lighting in the library were calculated. The existing 
lighting is froo fluprisscent iixtures bung frooi the 
celling and produces about sixty foot candles at the 
table top level. It was esti&ated that the task lighting 
would save about $70 per year with an installed cost of $600. 



IIL Calculatloprf • 



1. There are eiglft existing 8 ft long 200 ^att fluorescent 
light fiirtures plus two 4 ft. Ion? 200 n\t fluorescent 
fixtures both wunted from the celling. 

2. ' One half of the existing fixtures could be delanped . 
and replaced with 40 Tatt table lamps. \ 

3,. ;A total of eight table Ivsps mid be required. 

4. The library is open 200 days a year for 12 
hours per day. ■ ^ • . 

1 B. Energy .Savings " 

Based on the assumptions the energy savings vould be the ^ - 
•difference between the electricity used with, all of the 
ceiling fixtures on and the* usage with one half of the , ' 
'ceiling fixtures plus one half of the desk lantps*. Therefore: 

(9 laiops X 200 fatts ) - (5 lamps 'x 200 1 atts + 4 lamps x 40 latts ) 
laq> - lamp . lanp 



equals 640 f atts. . 

For the year, this would be: 



•: r 



, 6iP>»tts X lOflLdays x 12 hrs ■ .1,535^ kilowatt-br 
year (Jay year 



Therefore the savings would be: 



1 535 ^ 



C Cost Estimate 



^68 



Based on manufacturers data the Installed cost per lamp 
would be $75. A great part^of the cost is ('S40 per lamp) . 
is in the wiring to bring powgr to the dissk tops. Therefor?: 

^ $75 X.. 8 limp $800 

Timp . ^. ' / \ ■ . 1 

D< Estimated Dsetil Life 



The estimated useful' life of the lamps is fifteen years. 



i . 
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STUDY 29 



\ 



\ 



Co8t Benefit Study of 
T«sk Lighting at the Hill Roberts Sdrool 
Besource Center, Attleboro, MA 



1. Building Dtta 

A Date of Construction - 1975 

B. cross floor Area - 1300 sq ft 

C. EUrtri^r^t y use in Base Year - 753.300 Wh 

D. Sxt (A El^trlcitv in Base Tear. - $30 422 

B. VvBrt p. <io8t.of Electricitz - 

J, t«ei^Sental^ost of iilectriciti (8/1976) 

plus fuel chwge .- |0.M4/»d 
IL Sumary ' ' , 

' The initial cost and annual savings resulting , 

Ighting in the resojirce center were calculated. The ex sting 
. S fixtures produces about seventy five foot candle a 
ihftible too level. It las estimated that the task ligbtlng 
, ;?ulS lie aSoSa per year ,ith « installed cost of Jl.OOO; 

III. Calculations. 
A. 



1. . There are thirty two existing 2 ft x 2 ft 100 »att 
fluorescent light fixtures munted in the celling. 

2 one half of existing fixtures could be delanped and 
replaced »itb 40 Watt table lunps. 

3. A total of ten table, lamps wuld be required. 

'4. Tlin Hespurce Center is open 180 days a year for 10 
hours per day. 



r kvings 



C. Cost Estlnate ' 

jiuei on manufacturers data the installed cost per lamp 
fould be $100. A great part of the (oat ($..60 per laaip) is 
In the-firing to bring power to the 'desk tops. Therefore; 

fi^ xlOlaap • tl.OOO. 

D. Estimited Dseful Life 

Tbe'estimated useful life of the lamps Is fiteen years. 



D. Energy Savings 

Based on the assumptions the energy ^infs 'oujOe the 
difference between the electricity used , f f f 
cellini! fixtures on and the usage with one half ii the celiine 
fixtures .plus one half of the desk lamps. Therefore: • • . 

(32 lamps x 100 Tatts ) - (16 lamps x 100^8 + 5 hamp x 
lamp 

equals 1400 Hatts^ 

Pdr the year this would be: 

1400 Katts X 180 days x 10 .hrs 
year q diy • 

i 

Therefore , the savings, would be: 



■J: 



2519 kllowatt-hr 
year 



2519 iia 



m X $0; M4 

year KWh 



$110 
' year 
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